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Forsknings- og kompetansenettverk for IT i utdanning (ITU) ble opprettet som 
en del av KUFs handlingsplan om ’IT i norsk utdanning 1996-99’, og ble videre-
ført for en ny fireårs periode under handlingsplanen ’IKT i norsk utdanning, 
Plan for 2000 – 2003’.  
 
Hovedaktiviteten til ITU har vært å sette i gang forsknings- og utviklingspro-
sjekter innen feltet IKT og utdanning. Mellom disse aktivitetene har ITU også 
fungert som en nettverksnode mellom ulike forskningsmiljøer i Norge. 
 
ITU fokuserte i sin første periode på begrepene læring og kommunikasjon in-
nenfor skjæringspunktet av teknologi, pedagogikk og organisasjon, med vekt 
på teknologiens rolle som katalysator for endring innen det tradisjonelle ut-
danningssystemet. Erfaringer fra denne perioden knyttet til ulike endrings-
perspektiver er systematisert og utdypet gjennom erfaringene fra prosjektene 
som avsluttes i den nåværende perioden. 
 
Skriftserien omhandler ulike typer tekster som har til felles at de tar opp ut-
fordrende perspektiver relatert til IKT og utdanning. Det gjelder utredningsar-
beid, prosjektrapporter og artikkelsamlinger. ITU har, gjennom skriftserien, 
som siktemål å bidra til systematisk kunnskap om IKT og utdanning, samt å 
skape debatt og refleksjon om de utfordringer vi står overfor.  
 
Vi håper med dette at skriftserien kan bidra til å presentere nye perspektiver på 
fremtidens utdanningssystem.  
 
ITU, oktober 2003.   
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It has been an exciting three years during the DoCTA NSS project.  There has 
been a fantastic collaboration team of researchers and students with special-
ties in various fields. The enthusiasm that was present at all our workshops 
and meetings made it a pleasure for me to lead the project.  We all learned 
something from each other and we all realised how important it was to have a 
team comprised of such a wide range of expertise.  We have once again been 
very lucky in attracting a large number of Masters students, both in Bergen 
and Oslo, to participate with us in the project. This enriches our team and we 
are thankful to have had their input.  
The welcome we had from the rectors, teachers and students at the schools 
where we held our two field trials was wonderful and we thank them for their 
participation. In particular, we thank the the teachers for agreeing to partici-
pate in the design phases.  Without their input our gen-etikk learning sce-
nario would not have been as rich.   
I would personally like to thank my colleague Dr. Sten Ludvigsen for ALL his 
efforts in co-leading many aspects of this project. He is fantastic to work with and 
I have really appreciated how we have complementary ways of looking at issues.   
I would also like to thank Rune Baggetun for all his efforts in the editing of 
this final document. In addition Hege-René Åsand,  Weiqin Chen, Anders 
Mørch, Dankert Kolstø, Kurt Rysjedal and Steinar Dragsnes provided much 
needed translations, figures or text the last few days.  
Finally, on behalf of the entire team I would like to thank UFD and ITU for 
sponsoring this research, Kurt Rysjedal’s Ph.D stipend, and for the Master 
student stipends.   
Barbara Wasson, September 2003 
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Summary of Results  
In DoCTA NSS we investigate how the design of an ICT-mediated knowl-
edge building environment enables students to learn complex concepts and 
how they go about discussing these concepts in the broader learning com-
munity. DoCTA NSS comprised two field trials of the gen-etikk scenario 
where students collaborated both in co-located and distributed settings. 
1.1  
Findings 
1.1.1  
Learning and design  
 Our major finding is that too few students use higher order skills as 
part of their learning activities. This confirms the findings reported 
in many international studies. Students and teachers have a tendency 
to place more importance on solving the task than on the domain 
concepts to be learned.   Students need to employ higher order skills 
when dealing with knowledge building in complex and conceptually-
oriented environments in order to go beyond fact finding. This is an 
important area for future research. 
 We saw that the teacher is extremely important in supporting, stimulat-
ing and motivating the students to integrate previous knowledge with 
the new knowledge they are learning through the gen-etikk tasks. This 
also confirms the findings reported in many international studies. 
 Prompting categories triggered some of the students to a more critical 
and analytic stance towards the learning resources and how they reason 
about ethical issues in the domain of gene technology. 
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 The students that engage themselves in the task at a deep level show 
evidence of the necessary skills needed to critically examine the relation-
ship between information and the argumentation which is part of the 
problem solving process.  
 The design which includes small group collaboration creates increased 
motivation and curiosity. 
 Scientific categories can help students to discuss what kind of knowledge 
that’s relevant in a particular task or problem. This meta-awareness 
could, over time, be part of the development of the student’s higher or-
der skills. This will depend on how these skills and knowledge are culti-
vated in the particular environment and in the knowledge domain.   
1.1.2  
Infrastructure, practical organization and 
new artefacts 
 When schools work together to create a distributed environment where 
students solve tasks together, the management of the time schedules of 
the two schools needs to adjusted – or the school needs to have a flexible 
time schedule. Practical arrangements create tensions and problems with 
the coordination between the schools (See appendix D for a very detailed 
description of the scenario used to run the second design experiment).    
 Students have little problem in the practical use of ICT-tools as long as the 
tools and network function as they should. However the infrastructure and 
the PC’s at an ‘ordinary’ school make it impossible to use advanced learning 
technologies and multimedia (more bandwidth and CPU power is needed).  
  We have developed different kinds of new technological artefacts as part of 
the project. The groupware system Future Learning Environments (FLE) 
was tailored and redesigned. New knowledge categories were developed, as 
well as two different types of agents, a Student Assistant (SA) and a Teacher 
Assistance (TA). These agents are integrated with FLE to support students 
and teachers in regulating collaborative knowledge building.  
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 An artefact for collaboration called “Mind Map” was developed. The arte-
fact stimulates the integration of knowledge between the thematic issues and 
the problems to which the students are exposed.  An agent was also devel-
oped in the MindMap environment to support the collaboration. 
  Several types of digital resources were created to support the develop-
ment of the ability to integrate information from different resources as 
part of knowledge construction. This is one important aspect in design-
ing for the cultivation of higher order skills.    
1.2  
Main conclusions and recommendations  
Research on how to design a learning environment that can foster higher 
order skills among different types of students (high and low achievers) is a 
necessary next step. This problem is related to how the teachers and students 
work together and how the teacher cultivates the development of higher 
order skills among the students. These developments are a condition for the 
students to be able understand scientific concepts in the knowledge domain 
and how to use the concepts in their problem solving process.  
We also emphasize that teachers need to be involved in the design phase and have 
the main responsibility for execution in the learning environment. This is critical to 
the success of the project, so one does not create an implementation problem.  
The design of learning environments such as those designed in DoCTA NSS 
needs a true interdisciplinary effort. In DoCTA NSS participants from com-
puter science, information science, specific knowledge domains (e.g., natural 
science), educational science and the teaching profession were involved. 
These different participants bring a variety of competencies and capacities 
that are necessary to develop an advanced learning environment that in-
cludes advanced learning technologies and state-of-the art knowledge in 
teaching a subject domain and in how students learn.          
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We need to create learning environments that can foster higher order skills 
among different types of students. Interventions like prompting categories 
are only the first step. Other possible strategies need to be developed. Taking 
into account the complexity often characterizing ICT-based learning envi-
ronments, one might ask if the use of ICT for several educational purposes 
rather requires higher order skills than fosters such skills. These types of 
questions need to be addressed in the next generation of research.   
The “interface” between the school as a socio-political institution, learning 
technologies, and the relationship between students and teachers, needs to be 
challenged in order to foster higher order skills. We need to develop more 
advanced learning resources as part of the institutional development of 
schools.  These types of resources should cultivate the student’s abilities to 
use information from different resources. The skills and knowledge for these 
types of learning activities is crucial for taking part in advanced environ-
ments and in society in general. We argue that how we should create envi-
ronments that can foster higher order skills is a research area that needs to be 
brought in focus. The international studies on learning strategies and meta-
cognition, do not give adequate insight into how higher order skills are fos-
tered in different knowledge domains. Most of these types of studies only 
give insight into the outcome and not into the actual processes that create the 
outcomes. We need to understand what kinds of learning technologies can 
be part of the cultivation of higher order skills and a comparison of their use 
in different knowledge domains should be part of such a research strategy.    
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Background 
2.1  
Project DoCTA 
DoCTA (Design and use of Collaborative Telelearning Artefacts) is a multid-
isciplinary research project hosted and co-ordinated by InterMedia, Univer-
sity of Bergen. The project has been funded since 1998 by the Network for 
IT-Research and Competence in Education (ITU) which is a measure taken 
by the Ministry of Education to support ICT and learning in the Norwegian 
Educational system.  
Project DoCTA aims to bring a theoretical perspective to the design of ICT 
that support the sociocultural aspects of human interaction, and to evaluate 
its use. The main, long term, research objectives are to:  
 take a sociocultural perspective on learning activity focussing on the 
interpersonal social interaction in a collaborative learning setting  
 contribute to knowledge about the pedagogical design of learning sce-
narios, the technological design of the learning environment to support 
these learning scenarios, and the organisational design for management 
of such learning environments, including a reflection on teacher and 
learner roles for collaborative learning in distributed settings 
 study and evaluate the social and cultural aspects of collaborative learn-
ing in distributed settings 
Through these objectives we aim to improve our understanding of the peda-
gogy and technology of networked learners, and increase our understanding 
of learner activity. This will lead to better design, management and affor-
dances of on-line learning spaces.  
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DoCTA comprises two phases, DoCTA 1 (June 1998 - December 1999) and 
DoCTA NSS (July 2000 - September 2003).  More than 50 publications have 
been produced as part of the project (see Appendix A), and 15 graduate 
students have, so far, written their masters dissertations in relation DoCTA 
(see Appendix C). Two Ph.D students use DoCTA data for their disserta-
tions. A summary of the DoCTA project can be found on the project’s web 
site at http://www.intermedia.uib.no/docta.  
2.1.1  
DoCTA I 
DoCTA I was initiated by Professor Barbara Wasson at the Department of In-
formation Science (IFI), University of Bergen.  A close collaboration quickly 
formed with her IFI colleague Associate Professor Anders Mørch.  In addition to 
the University of Bergen, partners in DoCTA I included Nord-Trøndelag College 
(Professor Knut Ekker, Assistant Professor Glenn Munkvold, Lecturer Arnstein 
Eidsmo) and Stord/Haugesund College (Associate Professor Lars Vavik).  
In DoCTA I (Wasson, Guribye & Mørch, 2000) we focused on the design and 
use of technological artefacts to support collaborative telelearning aimed at 
teacher training. The research was not limited to only studying these artefacts 
per se, but included social, cultural, pedagogical and psychological aspects of 
the entire process in which these artefacts are an integral part. This means 
that we both provided and studied virtual learning environments that were 
deployed to students organised in geographically distributed teams. The 
main research focus was reflected in both the theoretical and methodological 
approach chosen in the project. The theoretical or conceptual approach was 
rooted in a sociocultural perspective and the methodology was influenced by 
ethnographic studies, favouring naturalistic and qualitative research meth-
ods. These ethnographic flavoured studies were augmented with more tradi-
tional computer science oriented usability studies, evaluations of computer 
logs, and questionnaire studies.  
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Various scenarios utilising the Internet were used to engage the students 
in collaborative learning activities. Through participation, the teachers 
gained experience with not only collaborative learning, but with collabo-
rative learning in distributed settings through the collaborative design of 
a textual or visual artefact.  
Three scenarios utilising the Internet were used to engage the students in 
collaborative learning activities.  
 Scenarios IDEELS and Demeter involved European inter-cultural simu-
lations where the goal was to design a textual artefact (e.g., a treaty or 
policy statement).  
 A third scenario, VisArt, was designed and developed explicitly for use 
between the three educational partners and had the goal of designing a 
visual artefact to be used in teaching a subject of choice. 
These scenarios were studied from a number of perspectives including eth-
nographic flavoured studies focused on understanding work organisation, 
usability studies of groupware systems, evaluations of computer logs, and 
questionnaire studies.  Details of these studies can be found in the ITU 
DoCTA report (Wasson, Guribye & Mørch, 2000). 
The exploratory studies carried out within DoCTA I provided us with insight 
into the processes of collaboration enabled us to identify collaboration pat-
terns. Equally important, the evaluation studies have also addressed meth-
odological issues related to studying online environments. Our findings in 
these two areas will be taken forward into DoCTA NSS 
Collaboration patterns define sequences of interaction among members of a 
team (such as students) that satisfy established criteria for collaborative be-
havior.  For example, Salomon’s (1992) description for genuine interde-
pendence is one source for criteria for collaborative behavior.   Another ex-
ample is the need for coordination. Wasson (1998) proposes a set of actor 
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(inter)dependencies and related coordination processes for collaborative 
learning in distributed settings.  This set of (inter)dependencies is another 
source for criteria for collaborative behavior. With these two criteria as a 
background, we have identified four instances of such behaviors in the 
DoCTA I scenarios:  
 Adaptation. This pattern describes how students gradually adapted to 
each other’s practices when working together to solve a common prob-
lem. A common adaptable practice is tool use. 
 Coordinated resynchronization. This pattern describes how coordination 
of activities between team members changes after they have identified a 
common goal. Gradually activities tend to become asynchronous. 
 Constructive commenting. This pattern describes commenting behavior. 
Comments that are neutral (e.g., just to the point) are perceived to be 
less useful than comments that are also constructive (e.g., suggesting 
what to do next) or supportive (e.g., encouraging). 
 Informal Language. This pattern describes how interaction often 
starts in a formalistic style and gradually becomes more informal as 
team members get to know each other. Frequent use of slang words 
or dialects local to the community working together is common in 
instances of this pattern. 
A major challenge for today’s researchers studying learning in distributed 
settings is how to design their studies. A simple question of what and how
to collect and analyze data becomes a major obstacle. Even “traditional” 
ethnographic studies that collect qualitative data do not readily suit these 
distributed ICT environments. As the “field” of studying online learning 
environments is in its infancy, there are no “off the shelf” methods and 
techniques to apply. In DoCTA I we tried to be keenly aware of the limi-
tations of our studies and the challenges of adapting methods to these 
types of studies (see (Wasson et al., 2000) for reflections). In DoCTA NSS 
we continue to reform our methodological approach concurrent with 
Black Yellow Magenta Cyan
ITU_no19_DOCTA_trykk.pdf    10/06/03 09:51:01          Page 18   Background  19 
state-of-the-art advances.  For example, one limitation has been the lack 
of evaluation of “talk in interaction” — this issue is addressed below. 
2.1.2  
DoCTA NSS 
DoCTA NSS was initiated by Professor Barbara Wasson to continue the 
research begun in DoCTA I.  DoCTA NSS was conceptualised as a collabora-
tive effort between InterMedia, University of Bergen and InterMedia, Uni-
versity of Oslo.  Professor Wasson, Associate Professor Sten Ludvigsen and 
Associate Professor Anders Mørch are the principle investigators.  Other 
collaboration partners include the teacher education departments at the 
University of Bergen and the University of Oslo and Telenor FOU.  Table 1 
lists the research team and table 2 lists the Masters students who participated 
in the project. 
Lessons from DoCTA I indicate that theoretical underpinnings, telelearning 
artefacts and evaluation of artefacts need to mutually inform each other in 
pedagogical design. To address this we extended the sociocultural evaluation 
perspectives taken in DoCTA I with discourse- and conversation analysis. 
This enables the evaluation of collaboration telelearning scenarios at differ-
ent levels of activity.   
One of the most important goals of DoCTA NSS is to develop knowledge 
about how to create a good learning environment for students with the help 
of information and communication technologies.  A central aspect of such 
creation is how students shall work, both individually and collaborative in a 
discipline.   In DoCTA NSS we investigate how the pedagogical design of an 
ICT-mediated collaborative learning environment enables students to learn 
complex concepts and how they can go about discussing these concepts in 
the broader learning community. 
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Table 1: The DoCTA NSS Research Team 
Name Affiliation  Research interests 
University of Bergen 
Professor  
Barbara Wasson 
InterMedia & IFI*  Collaborative learning in distrib-
uted settings, pedagogical agents, 
learning in a sociocultural per-
spective.
Associate Professor 
Weiqin Chen 
InterMedia & IFI  Pedagogical agents, distributed col-
laborative learning environments. 
Associate Professor 
Stein Dankert 
Kolstø 
IPP**  Science education and learning 
environments; ICT in science 
education. Science education for 
citizenship.  
Ph.D Student 
Kurt Rysjedal 
InterMedia & IFI  Distributed, collaborative learning 
and work settings, agent technol-
ogy, handheld and portable de-
vices and mobile phones.
Research Assistant 
Rune Baggetun 
InterMedia Technological  and  infrastructural 
issues in design of learning envi-
ronments. Distributed collabora-
tive learning and work. 
University of Oslo 
Associate Professor  
Sten Ludvigsen 
InterMedia  ICT and learning, learning in a 
socio-cultural perspective 
Associate Professor 
Anders Mørch 
InterMedia  HCI, CSCW, pedagogical agents, 
end-user tailorability 
Associate Professor 
Anders Isnes 
ILS***  Physics education and learning 
environment
ICT in physics education; Stu-
dents misconceptions and under-
standing in physics 
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Associate Professor 
Terje Kristensen 
 ILS  Subject specialist in natural sci-
ence, teacher education, designer 
of digital leaning resources  
Ph.D Student 
Hans Christian 
Arnseth
PFI****  Discourse analysis, reasoning and 
learning
Research Assistant 
Jan Dolonen 
InterMedia  Pedagogical agents, design of net-
based learning environments. 
Research Assistant 
Hege-René Åsand 
InterMedia  Knowledge building and collabo-
rative learning in ICT-rich envi-
ronments.
Telenor Research and Development 
Dr. Annita Fjuk  Telenor FOU  Collaborative telelearning, Activ-
ity theory, systems development 
Researcher
Ole Berge 
Telenor  FOU  Net-based learning, digital learn-
ing resources
*Department of Information Science (IFI) 
** Department of Applied Education 
*** Department of Teacher Education and School Development 
**** Institute for Educational Research 
Through the gene-etikk scenario, we designed and developed an ICT-
mediated collaborative learning scenario for natural science education at 
the middle school level. Gene technology was chosen as the discipline 
and the learning goals are related to the biological, ethical and societal 
aspects of gene technology. Through the gen-etikk scenario the students 
receive insight into a difficult, but at the same time, interesting area and 
they gained experience in the use of new technology in concrete 
tasks/assignments.  The Internet, combined with specially developed 
learning materials, had a central place in the scenario.  
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Table 2 The DoCTA NSS Masters Students 
Name (year)  Affiliation Thesis title 
Ane Høiby Bråten 
(2002)
IFI, UiB  Resource use in a collaborative 
telelearning scenario. 
Jan Dolonen (2002)  IFI, UiB  The development of a pedagogical 
agent system for computer sup-
ported collaborative learning. 
Karianne Omdahl 
(2002)
IFI, UiB  Designing pedagogical agents for 
collaborative learning: An empiri-
cal study. 
Anne Brændshøi 
(2003)
PFI, UiO  Knowledge-building in digital 
learning environments. 
Jan Eirik Nævdal 
(2003)
IFI, UiO  User tailorable pedagogical agents 
for a groupware system. 
Pål Fugelli (2003)   PFI, UiO  Techniques for Grounding: Con-
struction of Common Ground in a 
CSCL Environment. 
Steinar Dragsnes 
(2003)
IFI, UiB  Implementation of a Pedagogical 
Agent in a Distributed Mindmap 
Program.
Trine Elise H. Roness 
(2003)
IFI, UiB  Coordination and use of learning-
resources in a collaborative learn-
ing-environment.
DoCTA NSS comprised a pilot study and a main field trial of the gen-etikk
scenario where grade 10 students at two schools in Bergen and Oslo collabo-
rated both in co-located and distributed settings.  Details of the gen-etikk
scenario are presented in Chapter 3. 
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2.2  
Organisation of Report 
This report focuses on DoCTA NSS, and in particular on the gen-etikk sce-
nario.  Chapter 3 details the gen-etikk scenario from a design perspective and 
includes pedagogical/didactic, technological and institutional aspects. The 
two field trials are also described.  Chapter 4  present some of the publica-
tions that we have had in DoCTA NSS.  The publications are both on student 
learning and on new artefacts.  The report concludes in Chapter 5. 
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This chapter details the gen-etikk scenario highlighting the pedagogi-
cal/didactic aspects, the technological aspects, the institutional aspects.  Then 
a brief overview of the two field trials is given and the chapter concludes with 
an overview of our empirical studies. 
3.1  
Introduction 
DoCTA-NSS officially began in July 2000 and ended in June 2003.  The major 
events during these three years were two design experiments.  In these design 
experiments we intervened in grade 10 natural science education by introducing 
an ICT-mediated collaborative learning scenario, gen-etikk, where students in 
two classes collaborated in both co-located (within groups in a class) and distrib-
uted (between groups in two different Norwegian cities) settings.    
Through a design process focused on pedagogical/didactical, technological and 
institutional aspects, we developed an ICT-mediated collaborative learning sce-
nario, gen-etikk for gene technology.   The learning goals in gen-etikk related to 
the biological, ethical and societal aspects of gene technology. The pedagogical 
approach was progressive inquiry learning (Muukkonen et al., 1999) and a web-
based groupware system that supports this model was used as the main learning 
technology. In the first field trial only the natural science curriculum was ad-
dressed, while in the second field trial a cross curriculum scenario of natural 
science, religion & ethics (KRL) and Norwegian was designed and developed.   
Through the gen-etikk scenario the students receive insight into a difficult, 
but at the same time, interesting area and they gain experience in the use of 
new technology in concrete tasks/assignments.  The Internet, combined with 
specially developed learning materials, had a central place in the scenario.  
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This chapter gives insight into the design, development, deployment and 
analysis of the gen-etikk learning scenario. During the three years major team 
workshops (in September 2000, January 2001, March 2001, October 2001, 
April  2002, and October 2002 and March 2003)  were supplemented with 
several shorter more focused workshops and meetings.  Two working groups 
emerged from our efforts, the scenario design group and the pedagogical 
agents group.  Teachers from the schools involved participated actively in the 
scenario design groups for the respective field trials.   
The first 4 sections present the work that emerged from the scenario design 
group and the pedagogical agent group. Then the gen-etikk portal  for the 
students is presented. The two field trials are described in the next section 
and the chapter concludes with a brief discussion of our empirical studies.  
3.2  
Design: Pedagogical Approach 
3.2.1  
Progressive inquiry and scientific 
knowledge building   
Progressive inquiry (see figure 1) entails that new knowledge is not simply as-
similated but jointly constructed through solving problems and building mutual 
understanding (Bereiter & Scardamalia, 1994). The main ideas behind this model 
are the development of self–regulative and meta–cognitive skills (Boekaerts, 
1999), reflective and critical thinking skills (Beyer, 1985), and demonstrated 
academic literacy in reading and writing (Geisler, 1994). Self–regulated learners 
are generally characterized as active learners who efficiently manage their own 
learning in different ways. Self–regulated learning is an active construction proc-
ess whereby learners set goals for their learning and then attempt to monitor, 
regulate, and control their cognition, motivation, and behaviour. Complement-
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ing this, reflective and critical thinking skills are considered as a frame of mind 
involving alertness to the need to evaluate information as well as mental opera-
tions such as testing opinions and considering different viewpoints. There is also 
a need for the students to demonstrate their reading and writing skills. According 
to Geisler (1994) the students both need to get knowledge of the content domain 
as well as knowledge of the discipline’s rhetorical processes. 
Figure 1    Model of Inquiry Learning (Muukkonen et al. 1999) 
What is then characteristic of progressive inquiry is that students treat new in-
formation as something problematic that needs to be explained (Bereiter & Scar-
damalia, 1994). By imitating practices of scientific research communities, stu-
dents can be guided to engage in extended processes of questions–and-
explanation–driven inquiry. An essential aspect of this kind of inquiry is to en-
gage collaboratively in improving the understanding of shared knowledge ob-
jects, i.e., problems, hypotheses, theories, explanations or interpretations (Scar-
damalia & Bereiter, 1993). Through intensive collaboration and peer interaction, 
resources of the whole learning community may be used to facilitate advance-
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ment of the inquiry process. By synthesizing results of the philosophy of science 
and cognitive research, essential elements of progressive inquiry emerge. 
As a starting point of the knowledge building process, the instructor has to set up 
the context and the goal for a study project in order for the students to under-
stand why the topic is worthwhile investigating. Then the instructor or the stu-
dents present their research problems that define the directions where the inquiry 
goes. As the inquiry proceeds, more refined questions will be posted. Focusing 
on the research problems, the students construct their working theories, hy-
potheses, and interpretations based on their background knowledge and their 
research. Then the students assess strengths and weaknesses of different explana-
tions and identify contradictions and gaps of knowledge. To refine the explana-
tion, fill in the knowledge gaps and provide deeper explanation, the students 
have to do research and acquire new information on the related topics, which 
may result in new working theories. In so doing, the students move step by step 
toward building up knowledge to answer the initial question. 
A learning scenario using the progressive inquiry model would include ac-
tivities where students:  
1.  Identify initial (often) fuzzy questions,  
2.  Produce personal working theories (albeit incomplete or naive),
3.  Collaboratively evaluate and redirect their inquiry,  
4.  Search for deepening knowledge by  
a)  Consulting more capable peers and teachers 
b)  Finding reference information in online resources 
5.  Generate subordinate and refined questions and 
6.  Produce elaborated explanations and shared theories for the whole 
learning community.  
The progressive inquiry model mainly supports the students work processes, 
but does not say anything about how to work with the content of the knowl-
edge domain in which they are engaged.
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3.2.2  
Didactic Design 
The didactic design of the gen-etikk scenario was inspired by the progressive 
inquiry approach to knowledge-building.  The following gives the details of 
the topics, products, assignments and evaluation criteria of gen-etikk as they 
were presented to the students. 
Topics and working groups 
Information was given to the students that described the topics of gen-etikk
and how the class was divided into local and composed groups. 
Topics and working groups: 
 The main topics for this project are genetics and the ethical aspect of 
gene technology.  
 You will work with the both the science and ethical aspect of this topic. In 
addition, Social Studies and Norwegian will be involved on some level. 
 In this project, one class from a school in Bergen and one class from a 
school in Oslo will collaborate. Each class is organised in six groups with 
approximately 3 pupils. This group is called a local group, since all in 
this group are located at the same school. 
 Each local group will be working with a local group from the other school. A 
group containing a local group from both schools is called composed group.
3.2.3  
Products 
We designed a number of activities where the students would produce differ-
ent questions, texts, etc.  This information was presented to the students as 
shown below. 
Black Yellow Magenta Cyan
ITU_no19_DOCTA_trykk.pdf    10/06/03 09:51:01          Page 2930  Designing for Knowledge Building 
While working with gen-etikk you will produce the following: 
 Some science questions related to genetics and gene technology, and 
some questions related to the ethical aspect of gene technology. 
 Each global group will produce a minimum of four texts of approxi-
mately one page, where you explain the meaning of a word or a phe-
nomenon within genetics. At least two of these texts must the composed 
group write together. The two remaining texts can be produced in the 
local group. 
 Science questions which will be used in a test that some pupils from the 
other school will answer. The right answers for these questions must also 
be produced, since you later on are going to grade their answers. 
 Each composed group will compose at least four texts concerning ethical 
aspects related to gene technology. Each text should either be (1) a de-
scription of your own opinion with an argument (for example a reader’s 
letter, a causerie, an essay or an interview) or (2) a professional article 
where you describe a case or a discussion linked to the question (for ex-
ample a text that outlines arguments used in a discussion). At least two 
of these texts must the composed group write together. The two remain-
ing texts can be produced in the local group. The texts will have 10
th
grade pupils in as readers. 
3.2.4  
Assignments 
There were 8 assignments developed by the scenario design team (including 
the teachers). These included: 
Assignment 1:   Focused writing 
Assignment 2:   Choose science questions for further work 
Assignment 3:   Find answers for the science questions 
Assignment 4:   Compose four scientific explanations 
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Assignment 5:   Compose questions and answers for a science test; grade 
the answers from the other local group 
Assignment 6:   Compose ethical questions for further work 
Assignment 7:   Further work with the ethical questions 
Assignment 8:   Compose four texts around the ethical questions 
Each assignment, when relevant, was presented to the students on the gen-
etikk site. The details of the 8 assignments are given here. The use of a par-
ticular technological tool or learning resource is highlighted in b bold.
Assignment 1: Focused writing 
1a. Individual: Write down all you know related to cloning, gene modified 
food or gene technology in general (3 minutes). Afterwards, compose 2-3 
questions linked to what you have written. Is there something you want to 
know more about? Write it down. 
1b. In groups: Share your questions with everyone in the group and try to 
give each other answers. Write down the questions for which you can not 
find the answers.  
Assignment 2: Choose science questions for further work 
The composed group comprising one local group in Bergen and one in Oslo, 
shall discuss and agree on three science questions with which they will work 
further.
Use the c chat tool to discuss and agree. You can choose among the ten science 
questions that the two classes have composed earlier. 
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Assignment 3: Find answers for the science questions 
Work in the composed group and find answers to the three science questions 
you agreed upon in assignment 2.  
Post your questions in F FLE and then you may also start to post answers or an 
explanation that you think is the right explanation. It is now important to use 
your textbook and all available l learning resources on the gen-etikk website 
when answering the questions. 
It is also important that you respond to the contributions posted by the other 
local group in your composed group. Together you will help each other an-
swering the three science questions.  
Assignment 4: Compose four scientific explanations 
Each composed group will produce a minimum of four texts of approxi-
mately one page where you explain the meaning of a word or a phenomenon 
within genetics. At least two of these texts must the composed group write 
together. The two remaining can be produced in the local group. 
Use what you learned through working with F FLE when you compose the 
texts. You distribute the work within the composed group as you choose. 
Remember to present the text to the group as a whole, so that you can help 
each other to make the text as good as possible.  
When the composed group is satisfied with a text, it is to be published at the 
gen-etikk pages at the Skoleavisa under the topic “Scientific explanations”.  
Skoleavisa (http://www.skoleavisa.no/) is a newspaper generator that makes 
it possible for schools to publish their own on-line newspaper. The audience 
is school pupils, teachers, parents and the interested public. 
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Assignment 5: Compose questions and answers for a science test; grade the 
answers from the other local group 
5a. In this assignment you will compose ten scientific questions related to 
genetics. The questions will be used as a test for the pupils in the other local 
group in your composed group. The right answers for these questions must 
also be produced, since you later on are going to grade their answers. Post 
the questions as “Questions” in F FLE.
5b. You will answer the ten scientific questions posted in F FLE by the other 
local group. Post your answers as “Our opinion” 
5c. Finally, correct and grade the answers to the questions you posted. Post 
the corrections as “Scientific Knowledge”.  
Assignment 6: Compose ethical questions for further work 
The composed group must agree upon three ethical questions into which you 
will look deeper. Use the chat tool to discuss and agree. You can choose 
among the ten ethical questions that the two classes have composed earlier. 
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Assignment 7: Further work with the ethical questions 
Work within the composed group, discuss the ethical questions agreed upon 
in assignment 6.
Post your questions in FLE and you may also start to post thoughts that you have 
surrounding these questions. Start working on building knowledge related to the 
three questions posted. There is much information to find in encyclopaedias and 
by using A-tekst. You will find these resources on the gen-etikk site. You should 
also use your textbooks in religion & ethics, social science, natural science and 
environment.  
When you find something you think can be useful for the composed group, 
post it in FLE under the question with which you have been working. In FLE 
you can get feedback on your postings from the other pupils in the composed 
group, and you can give feedback to the other local group postings. 
Together you will help each other finding arguments to be used in the discus-
sion of the three ethical questions. You should try to find out what your 
opinion is concerning the ethical arguments, and how you will answer the 
three questions when you know more about it. 
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Assignment 8: Compose four texts around the ethical questions 
Each composed group will compose at least four texts concerning ethical 
aspects related to gene technology. Each text should either be (1) a descrip-
tion of your own opinion with argument (for example a reader’s letter, a 
causerie, an essay or an interview) or (2) a professional article where you 
describe a case or a discussion linked to the question (for example a text that 
outline arguments used in discussion). At least two of these texts must the 
composed group write together. The two remaining can be produced in the 
local group. The texts will have other 10
th graders as readers. 
Use what you learned through working with FLE when you compose the 
texts. You distribute the work within the global group as you choose. Re-
member to present the text to the group as a whole, so that you can help each 
other in making the text as good as possible.  
When the composed group is satisfied with a text, it is to be published in the 
gen-etikk pages at the Skoleavisa under the topic “Ethical Considerations”.  
3.2.5  
Criteria for evaluating the ethical texts 
The students were also given a list of criteria to use for evaluating the ethical 
texts. These were broken down into content and form criteria. 
CONTENT 
 Are the most important arguments identified and put forth?  
 Do you say which arguments you think are weak and strong, and do you 
explain why?
 Have you included arguments that support your group’s viewpoints and 
also arguments that do not support your group’s viewpoint?
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 Is the group or group member’s opinions about the problem and the 
arguments on which the opinions are based clearly presented?   
FORM 
 Were the group’s opinions and evaluations described in an understand-
able way? 
 Were keywords and text used in such a way that it was easy to under-
stand and to follow the argument? 
 Were pictures used in an illustrative way? 
 Were difficult words defined? 
3.3  
Design: Technological Aspects 
The technological aspects of the design of gen-etikk include the collaboration 
tools (modified FLE and the MindMap tool) and the learning resources 
made available to the students. This section describes these aspects. 
3.3.1  
Selection of the Learning Technology 
In the summer of 2000 an evaluation process with regard to selecting a system for 
enabling ICT-mediated collaborative learning for use in the DoCTA NSS project 
began. At the kick-off meeting the results from nearly three months of evaluation and 
investigations/inquiries were presented and discussed. More than 10 systems were 
investigated as possible tools including: BSCW (bscw.gmd.de); WISE 
(wise.berkeley.edu/welcome.php); FLE2 (fle2.uiah.fi); WebCt (webct.uga.edu);   
DisCo (www.udd.htu.se/dl/sysinfo.html); TeamWave Workplace 
(www.teamwave.com); ARIADNE (ariadne.unil.ch); and Virtual U (www.vlei.com).  
These systems were evaluated according to a rather wide range of criteria. The evalua-
tion process revealed that there were many similarities between the systems and that 
relative few had something special to offer besides these standard common features.  
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The Finnish developed FLE stood out as an interesting candidate as it 1) 
supported a knowledge-building process referred to as progressive in-
quiry learning, and 2) the design and philosophy of the system gave the 
possibility of modifying the system to better fit our needs. In addition, 
the positive feedback from the FLE group in general made FLE2 an at-
tractive candidate for us and resulted in a visit by Anders Mørch and Sten 
Ludvigsen to the developers at the UIAH Media Lab at the University of 
Art and Design in Helsinki.  Further investigations into the appropriate-
ness of FLE continued throughout the fall and in January 2001 we made 
the decision to use the then current version FLE2 for the first field trial.  
We also decided in April 2002 to continue with the newest version FLE3 
in the second field trial.  
3.3.2  
FLE 
FLE (Muukkonen, Hakkarainen & Lakkala, 1999; Leinonen, Virtanen, 
Hakkarainen,  & Kligyte, 2002); Kligyte, 2001) is a web-based groupware 
for computer supported collaborative learning (CSCL). It is developed by 
the Learning Environments for Progressive Inquiry Research Group at 
the UIAH Media Lab, University of Art and Design Helsinki in coopera-
tion with Centre for Research on Networked Learning and Knowledge 
Building, Department of Psychology, University of Helsinki.  
To support collaborative progress inquiry process, FLE provides several 
modules, such as a WebTop, a Knowledge Building module, a Chat mod-
ule, and an Administration module. The Web Top (see figure 2) provides 
each group with a place where they can store and share digital material 
with other groups. It also includes some “Stickies” where the groups can 
leave short messages for each other and an automatically generated mes-
sage that tells owhat has happened since the last time they visited FLE.  
Black Yellow Magenta Cyan
ITU_no19_DOCTA_trykk.pdf    10/06/03 09:51:02          Page 3738  Designing for Knowledge Building 
Figure 2   The FLE3 Web Top 
The Knowledge Building module, see figure 3, is considered to be the scaf-
folding module for progressive inquiry, where the students post their mes-
sages to the common workspace according to predefined categories. These 
categories are defined to reflect the different phases in the progressive in-
quiry process. All Knowledge Building messages within a course are visible as 
lists of messages which can be sorted by topic (thread), person, category and 
date. The WebTop module is a supporting module where instructors and 
students can store and share resources such as documents (research propos-
als, term papers, designs or project reports), knowledge building notes and 
links related to their studies, organize them to folders and share them with 
others. The Administration module includes Course Management and User 
Management modules and allows administrators and instructors to create, 
manage courses and participants and make time tables.   
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Figure 3   The FLE3 Knowledge Building Module 
3.3.3  
Tailoring of FLE 
In the first field trial FLE2 was translated into Norwegian and a new module 
called Learning Resources (Læringsressurser) was added. In addition, we 
needed to provide a tool to support synchronous communication between 
the composed groups. Fle2 had a Chat tool for this purpose, but we found 
this tool to be unsatisfactory so the Chat module was removed. After discov-
ering technical problems, or security problems, with several alternative tools 
we decided to use IRC. The main reason for this was that several of the stu-
dents had experience using this chat-software, and the school in Bergen even 
had an IRC server. Unfortunately, we experienced technical problems with 
IRC as well, resulting in a very limited use of this tool.  
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By the time of the second field trial, FLE3 had been released.  FLE3 was also 
translated into Norwegian and two pedagogical agents have been added.  
3.3.4  
Knowledge Categories in FLE 
Ingen-etikk we wanted the students to enquire scientific knowledge by discussing 
ethical questions related to genetic technology. In order to support this we found 
it necessary to make some changes to the original knowledge categories in the 
FLE2 Knowledge Building Module for the first field trial.  The original categories, 
see figure 4, were defined to reflect the different phases in progressive inquiry 
learning and included: Problem, Working Theory, Deepening Knowledge, 
Comment, Meta-comment, and Summary.  Extensive discussions in the scenario 
design group resulted in the following categories for the first field trial: Problem, 
Working Theory, Reliable Knowledge, Uncertain Knowledge, Comment, Sum-
mary, Comment, and Meta-comment.  
Figure 4   Original categories in FLE2 
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In FLE3, used in the second field trial, they had changed the categories, see 
figure 5, to Problem, My Explanation, Scientific Explanation, Summary and 
Comment. We felt that these categories were well suited to our needs to we 
made no changes.  In FLE3 there is a page that describes the idea of each 
category that is visible when you choose the category.  
Figure 5    Categories in FLE3 
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3.3.5  
The Gen-etikk Portal 
In order to provide the students with a shared online space a gen-etikk learn-
ing portal was developed.  Figure 6 shows the entry screen.  
Figure 6    The gen-etikk web portal 
Our domain specialists and programmers created a collection of resources 
that will be the content the students will use in their learning activities. From 
the portal the students had access to the collaboration tools, learning re-
sources, animations, links and search engines and the school newspaper as 
can be seen in figure 7. 
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Figure 7    Access to the Resources 
Collaboration Tools 
The two collaboration tools available for the students were FLE3 and the 
MindMap tool (Tankekart). 
Learning Resources 
Under the learning resources, the students had access to the ethical and sci-
entific questions identified during the first phase of gen-etikk (see section 
3.5.2). In addition they had access to an electronic excerpt from a biotech-
nology textbook.  Two of the project participants (Isnes and Kristensen) had 
written a t textbook (Helix 10, Isnes et al., 1999) on biotechnology for grade 
10 and in DoCTA NSS, one chapter, Gene technology and the Future, was
developed as an on-line resource for use in the field trials. Figure 8 shows 
how the students access the resource from the gen-etikk portal. 
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Figure 8   Access to the on-line text developed from Helix 10 (Isnes, et al., 1999) 
Figure 9 shows one of the on-line pages on gene technology – reality or fiction.
Figure 9   A sample page from the online text developed from Helix 10 
(Isnes, et al., 1999) 
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Finally, they had access to a t trigger video. At the beginning of the scenario 
we wanted to present the students with a trigger video designed to help the 
students reflect on genetic technology. We had established contact with the 
Norwegian National Broadcasting Corporation (NRK) to make use of an 
excellent documentary on gene technology that had run on NRK the previ-
ous year.  We were granted permission to use the documentary, developed 
by NRK, as the basis for a trigger video that was used to introduce gene tech-
nology issues to the students.  Trygve Tollefsen , a media science researcher 
who worked with us for a few months, edited the 6 hour documentary to 
three different five-minute sequences, each presenting a different theme 
within genetic technology. We added thinking pauses with stimulating words 
between the sequences. During the entire scenario, this video was available as 
a resource.  Figure 10 shows two screenshots of the trigger video. 
Figure 10    Example screen shots from the trigger video 
Animations  
The access portal also gave the students some links to various animations, both 
Quicktime and Flash showing various scientific genetics phenomenon. One 
example, shown in figure 11, is an animation of the cloned sheep Dolly accessible 
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on the gene technology website (http://www.uib.no/aasland/gensidene) of Pro-
fessor Rein Aasland at the Department of Molecular Biology, University of 
Bergen. The animation shows how cloning is carried out. Professor Aasland 
calls his site a popular science web site where he tries to give current in-
formation about basic terms and concepts about gene research and mo-
lecular biology. 
Figure 11    Picture of the Dolly animation from Professor Rein Aasland’s site 
Links and search engines 
Links to external resources were also included in the resource page.  Figure x 
shows links to Atekst,  a Norwegian encyclopaedia (Store Norske Leksikon), 
and a collection of articles (Artiklkelsamling) and links to other biotechnol-
ogy sites (Bioteknologinemnda) on genetcics.  The special text archive search 
engine called Atekst, see figure 12, enables school students to search for arti-
cles published in Norwegian newspapers.  
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Figure 12    Atekst search engine 
Publishing Tools 
The final link provided on the access portal was a link to the on-line school 
newspaper (Skoleavisa) where their articles were published (examples are 
shown in section 3.5.2).   
3.3.6  
New Developments 
Agents 
The pedagogical agents group has implemented a number of agents for FLE 
that monitors the collaboration process, analyses the information collected 
and provides awareness information, collaboration statistics, and advice to 
students and teachers. The student's assistant (SA), shown in figure 13, gives 
advice on the use of categories in the progressive inquiry model (see paper by 
Dolonen, Chen & Mørch in chapter 4).  
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Figure 13    The Student Assistant (SA) agent that has been added to FLE3 
The teacher's assistant (TA), shown in figure 14, provides the teacher with 
new updates, overview of the collaboration, and advice on the possible prob-
lems in the collaboration (see paper by Chen & Wasson in chapter 4). The 
agents can also learn from feedback and improve its performance. Details of 
this work can be found in the next chapter.
Figure 14   The Teacher Assistant (TA) agent that has been added to FLE3 
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MindMap Tool 
FLE is an asynchronous environment designed for reflection upon the process of 
knowledge building in groups. From DoCTA’s perspective, a learning scenario 
should allow for both synchronous and asynchronous collaboration. If a group-
ware supports only one of the two working-styles, another system should be 
supplemented to levitate the drawback. It is important that participants can util-
ise different working styles such as meaning-making and negotiation processes 
(synchronous activities) but also work independently on assigned tasks when 
they feel like it (asynchronous activities). On the one hand we wanted to enhance 
the FLE groupware with agent technology, while on the other we also wanted to 
supplement FLE with other synchronous systems to allow for and encourage 
real-time virtual meetings (in which coordination, negotiation and other group-
oriented processes could take place). Thus, the shared MindMap tool (Dragsnes, 
2003), shown in figure 15, was developed to allow groups of students (or users) to 
jointly collaborate to build a shared mind map, as a conceptual representation of 
a problem or a solution to a problem. 
Figure 15   The MindMap interface with some tool explanations 
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The software incorporates Buzan’s (1993) methodology for how to conduct 
group mind-mapping, but users are not forced to follow this methodological 
approach in any way. Also, by taking prior findings from the DoCTA project 
into consideration, an identified need for supporting the arising interde-
pendencies led to include Salomon’s (1992) notion of genuine interdepend-
ence, and take measures to include this theory into the software. This ap-
proach resulted in the design of a pedagogical agent with the role of a 
facilitator. A screenshot taken from the IFI-field trial depicts how the agent 
can intervene and interact with users. The screenshot shown in figure 16  
shows how the facilitator interacts in an intrusive manner to create a break-
down    situation, since a disagreement has been detected. 
Figure 16   Facilitator agent interacting in an intrusive manner 
The facilitator tries to enforce the interdependencies between the collaborat-
ing students by measuring activity levels, types, requests and actions in gen-
eral. These monitoring measures can be used to identify when a problem, 
misunderstanding or disagreement exists, or they can be used to make sure 
that everyone contributes to the problem solving process and encourage 
passive users to be more active (encouraging active users to discuss their 
contribution with the more passive users) etc.  
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The other part of the agent can be triggered by starting the mind-mapping 
scenario. Then the agent will initiate the various stages the users should go 
through in the process of creating a shared mind map. This involves first 
creating a personal mind maps, and then a joint mind map based on their 
personal maps. This is illustrated in figure 17. The screenshot shows three 
users collaborating to build a shared mind map. The interface is presented in 
split-mode; that means you can observe and manipulate both the shared and 
the private environment simultaneously. Here, the private environment is 
active, and the user has selected a node called RMI? that will be exported into 
the shared map. 
Figure 17    Users collaborating to build a shared mindmap 
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The software has been tested out in three different settings. The first was 
in the Adapt-IT morning meetings, where the program was used by pro-
grammers in the Adapt-IT project to plan and coordinate their weekly 
tasks. This test was useful for removing bugs and other problems. The 
second setting was the DoCTA NSS main scenario fall 2002, where the 
software did not work partly due to outdate hardware and software 
equipment at the schools, but also by a few bugs on the server-side. This 
led to a two month re-implementation phase resulting in the IFI-field 
trial, and interesting findings from this field trail are presented in paper 
Baggetun & Dragsnes (2003).  
3.4  
Design: Institutional aspects 
The gen-etikk scenario was designed to cover the aims/goals in the cur-
riculum at grade 10. The designed combined goas in different knowledge 
domains like Biology, Christian knowledge and religious and ethical 
education and Norwegian. However the designed was not based on one 
learning resource, like a textbook, but multiple resources. The design 
emphasizes the development of knowledge of skills, where integration of 
different resources is the most important aspect in the creation of pro-
ductive interactions.  
In the design processes a key aspects in this kind of design experiment is 
both to adapt to the schools everyday practice, and on the other side, 
challenge and extend these practices.  
The schools chosen to be part of DoCTA NSS could be characterized as 
ordinary schools, with both high and low achieving students. The school 
in Oslo has just recently invested in portable PC for the students and 
teachers. The students had used the PC for a few weeks when the second 
field trial started.  
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3.5  
The Field Trials 
During DoCTA NSS we had two field trials of the gen-etikk scenario in 4 
different schools, 2 in Bergen and 2 in Oslo. This section briefly describes 
field trial I and gives a few more details of field trial II. 
3.5.1  
Field Trial I 
The first field trial took place over two weeks, three days in the first week and 
two days in the second week – comprising 13 hours over 5 days.  The teach-
ers divided their classes into 8 local groups of 3-5 students. A local group in 
Bergen was matched with a local group in Oslo, and this matching was re-
ferred to as a composed group.  The group work took place both within the 
local co-located group and between the distributed composed groups. Figure 
18 shows the two school classes at work on gen-etikk.
During the field trial there were 26 students in Bergen and 25 in Oslo, 2 teachers, 
2 practice teachers and 5-7 researchers in each of the classrooms/computer 
rooms in Bergen and Oslo.  Researchers collected data via video recording, 
screen cam recordings of the tool of the activity on the screen, pre- and post-
tests, interviews (both individual and group), and observations with field notes. 
Figure 18    Students working in the Bergen (left) and Oslo (right) schools 
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3.5.2  
Field Trial II 
The major work on the gen-etikk scenario for the second field trial began 
with a full team (~16) workshop in Bergen on 25-26 April, 2002.  This 
year we have 2 news schools and the disciplines to be involved in the 
scenario included natural science, religion & ethics and Norwegian. 
Teacher representatives from both schools attended the workshop and 
actively participated in the activity and assessment design. We devised a 
detailed step-by-step guide for deploying the scenario hour-by-hour in 
the scenario. This plan (given in Norwegian in Appendix D) was neces-
sary due to the complexity of the scenario. 
The second field trial was deployed during the last three weeks of Sep-
tember 2002. Again, two grade 10 classes, one from Bergen and one from 
Oslo participated. The school classes, 27 students in Oslo and 24 students 
in Bergen, were each divided into 6 groups following the same 
organization as in the first scenario. That is, each class was divided into a 
set of local groups and each of the local groups in Bergen was connected 
with a local group in Oslo. The connection of two local groups was called 
a composed group. 
In the beginning of the scenario the students were presented with a trig-
ger video designed to help the students reflect on genetic technology. 
This video consisted of three different five-minute sequences, each pre-
senting a different theme within genetic technology. After having seen 
this video the students brainstormed about questions related to genetic 
technology. This brainstorming session generated a long list of questions 
from the two classes, and the teachers used these questions in order to 
make one single list of questions with 12 scientific questions and 10 ethi-
cal questions about genetics. These lists of questions were published on 
the gen-etikk portal. Figure 19 lists the scientific questions (in Norwe-
gian). Some examples are: What happens during the cloning process? In 
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what way are cloned humans alike?  How can we inhibit an illness like 
cancer before it develops?  Is gene modified food safe? Can all food be 
gene modified? 
Figure 19   List of generated scientific questions 
Figure 20 lists a set of generated ethical questions including: What risks with 
cloning are acceptable?  Should we accept that chicken is modified to have no 
feathers? What will the future be like if everything is perfect?  Do gene modi-
fied animals have it ok?  Should we allow human cloning? 
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Figure 20   List of generated ethical questions 
The composed groups should discuss the list of questions and decide on 3 
scientific questions that they wanted to work on in the project. This discus-
sion and decision making process was the reason why we wanted the online 
environment to provide some tools for synchronous communication. Due to 
technical and organisational problems, however, the synchronous communi-
cation did not work, and as a result the students had to use FLE3 for their 
decision-making. After having engaged in the project for about a week the 
students would use the information they had gathered in order to write at 
least two different articles about genetics. These articles were published in 
Skoleavisa (http://www.skoleavisa.no). Figures 21 shows several articles 
published in the Skoleavisa during the second field trial. 
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Figure 21    The gen-etikk page in Skoleavisa 
After publishing these articles, the focus was turned to the ethical aspects. 
The list of questions was revisited, and this time the composed groups should 
decide on 3 ethical questions with which they would work. The same process 
was repeated in this phase, with about a week on knowledge building before 
publishing new articles in Skoleavisa.  
In both schools, the field activities were monitored by at least 1 researcher 
and one person from the technical staff. The whole scenario was videotaped, 
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with a minimum of one focus group at each school. The focus groups had 
their computer activity taken up as a screencam recording. This resulted in 
two types of data, videotapes of the groups working in front of the com-
puters, as well as recordings of the screen activity on the computers. The two 
data sets will be synchronized for later analysis. Furthermore, all the postings 
in FLE3 are stored on CD-rom and as printouts. 
3.6  
Empirical studies 
There have been a number of empirical studies carried out on the DoCTA 
NSS data.  These are not reported in this chapter as several of these are 
given in republished papers in chapter 4.  
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This chapter presents a number of papers that have been published during 
the DoCTA NSS project (a full list of publications is given in Appendix A). 
The papers are divided into two sections, one on student learning and cate-
gorisation and the second on new artefacts and agents.  The following papers 
are included in this chapter. 
Arnseth, H. C., Ludvigsen, S., Guribye, F. & Wasson, B. (2002).  From 
categories of knowledge building to trajectories of participation. 
Analysing the social and rhetorical organization of collaborative 
knowledge construction. Proceedings of  ISCRAT 2002, Amsterdam.  
Arnseth, H.C. (2003) Managing institutional concerns in collaborative 
learning. Paper presented at the 10
th EARLI Conference, August 26-30, 
2003, Padova, Italy. 
Baggetun, R., & Dragsnes, S. (2003).  Designing pedagogical agents for CSCL.  
In B. Wasson, S. Ludvigsen & U. Hoppe (Eds.) Designing for Change in 
Neworked Learning Environments; Proceedings of the 6th International 
Conference on Computer Support for Collaborative Learning (CSCL 
2003), 151-156. Dordrecht: Kluwer. 
Chen, W. & Wasson, B. (2003). Coordinating collaborative knowledge 
building. International Journal of Computers and Applications (IJCA), 
special issue on Intelligence and Technology in Educational 
Applications, Volume 25, Issue 2, 1-10. 
Dolonen, J., Chen, W., & Mørch A. (2003). Integrating software agents with 
FLE3. In B. Wasson, S. Ludvigsen & U. Hoppe (Eds.) Designing for 
Change in Neworked Learning Environments; Proceedings of the 6th 
International Conference on Computer Support for Collaborative 
Learning (CSCL 2003), 157-162. Dordrecht: Kluwer. 
Kolstø, S.D. (2003). Assessing the science dimension of environmental and 
health-related issues in science education. An extended abstract based 
on 2 articles.
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Ludvigsen, S., & Mørch A. (2003). Categorisation in knowledge building. In 
B. Wasson, S. Ludvigsen & U. Hoppe (Eds.) Designing for Change in 
Neworked Learning Environments; Proceedings of the 6th International 
Conference on Computer Support for Collaborative Learning (CSCL 
2003), 67-76. Dordrecht: Kluwer.
Mørch, A., Dolonen, J. & Omdahl, K. (2003). Integrating agents with an open 
source learning environment. Proceedings of ICCE 2003, Hong Kong, 
December, 2003.
Rysjedal, K. & Baggetun, R.  (submitted). Infrastructural issues in design of 
technology enhanced learning environments. Submitted to the 
Psychnology Journal.
4.1  
Student learning and categorization
1 
The design of a learning environment needs to account for institutional, 
technological and pedagogical aspects at different levels. In the design and 
use of learning environment, the activities are dependent on different sorts of 
categories. Categories are embedded in our language and in the artefacts we 
use and should be seen as part of their historical development. The use of 
language and categories are part institutional arrangements.  
The chapters in this section take an institutional perspective on learning 
activities. An institutional perspective takes student actions and activities as a 
staring point, not the goals in the curriculum or some scientific template. 
Diversity, multiple voices, the actors’ different goal and intensions, and the 
institutional history are some of the aspects that constitute a specific practice. 
These aspects create a basis for understanding how students act in specific 
situations.
 
|NOTER 
1   References to the perspectives argued for in this introduction are given in each 
chapter.
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Together the chapters in this section are a step forward in the theorizing 
about the human-artefact “link”. They summarize and integrate different 
kinds of studies in the field of learning and ICT and provide us with a critical 
and constructive perspective.  
In the chapter by Rysjedal and Baggetun issues related to infrastructure and 
design of learning environments is discussed. The established infrastructure 
in an organisation creates both constraints and affordances for how new 
technology can be integrated. In the design of a learning environment that 
should work across institutional boundaries it is important to take the local 
infrastructures into consideration. Rysjedal and Baggetun take a broad per-
spective on infrastructure, and thereby make an important bridge between 
technological and social perspectives on how new technology can be intro-
duced into social systems. They discuss how the design of a learning envi-
ronment needs to take technological, organisational and pedagogical aspects 
into consideration.   
In the chapter by Arnseth, Ludvigsen, Guribye and Wasson and the chapter 
by Arnseth, important aspects of our theoretical assumptions are described. 
The chapters describe both a socio-cultural perspective, and how, within this 
perspective, we could understand talk and learning. Rhetorical aspects of 
human talk and discourse become important if we want to understand how 
students co-construct knowledge in schools. These studies focus on how the 
students invoke categories as part of their talk. The analyses of the meaning 
students attribute to the categories are not based on a template given by the 
design, but by the student’s activities. The empirical analysis in these chap-
ters shows very clearly that students make specific interpretation of the task 
to which they are exposed and to how the institution actually works. The 
authors of these chapters argue that knowledge building as a metaphor as 
used in some of the literature seems too be too rationalistic.
In Ludvigsen and Mørch’s chapter the emphasis is on how students deal with 
prompting categories in the Future Learning Environment (FLE). In the 
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theoretical part they argue for a socio-cultural perspective and how this per-
spective could be connected to how actors deal with categories. They criticize 
the progressive inquiry model proposed by Mukkonenen et al. (1999) be-
cause it has a too distinct focus on the conceptual artefacts developed by the 
students, and that the progressive inquiry model is privileged as the analytic 
staring point.
This section ends with an extended abstract based on a book chapter by Stein 
Dankert Kolstø. The chapter focuses on how to educate students in the field 
of science education. Kolstø argues that we need to reframe our understand-
ing of how scientific knowledge could be used in what he labels thoughtful 
decision-making on socio-scientific issues. In this thoughtful decision-
making process, scientific knowledge provides a useful and a necessary lens, 
but should be considered a tool or resource. The students need to appropri-
ate scientific concepts to go beyond everyday reasoning and to develop ade-
quate understanding of different actors' views and arguments. This line of 
argument is consistent with the overall perspective for all contributions in 
this section, that diversity and multiple voices form the analytic starting 
point for our understanding of learning and knowledge building.    
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Environments 
K. Rysjedal & R. Baggetun 
Paper submitted to the Psychology Journal. 
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INFRASTRUCTURAL ISSUES IN DESIGN OF 
TECHNOLOGY ENHANCED LEARNING 
ENVIRONMENTS
Submitted to the Psychnology Journal  
KURT RYSJEDAL & RUNE BAGGETUN 
InterMedia and IFI, University of Bergen, Norway 
{kurt.rysjedal}{rune.baggetun}@intermedia.uib.no
Abstract. 
A considerable amount of technology for collaborative learning has been developed, but only a 
fraction has been successfully integrated into local practices. Most technologies fail in being 
integrated not because of bad design or lack of functionality, but due to lack of awareness of the 
established practice where they are supposed to be integrated. Considering the introduction of 
new tools and practices as development of existing infrastructure will increase the chance of a 
successful entry that can change things to the better. In this paper we will take an infrastructural 
perspective on the analysis of a project field trial where several tools were combined in order to 
constitute a digital environment for distributed collaborative learning. 
1. INTRODUCTION 
The introduction of new technologies in schools is often seen as a stimulus 
or catalyst for change both in the pedagogical approach and the way the 
schools are organised. This “metaphor” of the technology as a stimulus for 
change can lead to an assumption that as long as the technology is properly 
designed, we can do wonders with the school education. The technology is a 
force that will change the educational practice. Such a technological oriented 
perspective is not sufficiently supported by empirical studies of 
organisational change (Aanestad, 2002). 
An alternative to this technological perspective is a more social, or 
organisational perspective where the emphasis is on the possibility for 
human choice and rational control over the technology (Aanestad, 2002). 
Consequently, the analytical focus is turned to understanding the settings in 
which the technology is being used. A common critique to this perspective is 
that the characteristics of the technology are completely neglected. Bruce 
(1993) argues that these perspectives need to be integrated in order to 
understand the important aspects of change that occurs when innovations 
are introduced into social systems.  
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Hanseth (in progress) argues that the kind of IT solutions we are developing 
today, which are integrating numbers of systems across organisational and 
geographical borders, in many respects are significantly different from 
traditional information systems. These changes should be reflected in our 
understandings and development strategies and approaches. He further 
argues that such new understandings, strategies, and approaches should be 
based on a perspective of seeing IT solutions as information infrastructures - 
not systems. We believe that this perspective is a useful integration of the 
technological and sociological perspectives, and thus may contribute to a 
better understanding of the relations between new technologies and 
educational change.  
In this paper we apply an infrastructural perspective to analyse issues from a 
field trial where several tools were combined to constitute a digital 
environment for distributed collaborative learning. We identify issues that 
affected how the new solution was integrated into the established practice at 
the schools were it was introduced. But first we elaborate on what we mean 
by infrastructure, followed by a description of the research project and the 
field trial deployed. 
2. DEFINING INFRASTRUCTURE 
When we think of infrastructure in a commonsense way, infrastructure is 
most often seen as the underlying foundation or basic framework. Examples 
of such “common” infrastructures are roads, electricity, telephone lines, 
sewage, and the Internet. It is seen as a foundation that makes other things 
work. But if we want to look more closely at infrastructure, this 
commonsense definition becomes inadequate. 
Within the field of science and technology studies (STS) there has been a 
growing emphasis on infrastructure (e.g. Hanseth, Monteiro, & Hatling, 1996; 
Latour, 1988; Star & Ruhleder, 1996). Star and Ruhleder (1996) argue that 
infrastructure is a fundamentally relational concept. “Within a given cultural 
context, the cook considers the water system a piece of working 
infrastructure integral to making dinner; for the city planner, it becomes a 
variable in a complex equation” (Star & Ruhleder, 1996, pp.113). Thus, 
infrastructure is not a static concept, but something that emerges for people 
in practice, connected to activities and structures. Star and Ruhleder (1996) 
further argue that infrastructure emerges with the following dimensions (p. 
113):
· Embeddedness. Infrastructure is "sunk" into, inside of, other structures, social 
arrangements and technologies; 
· Transparency. Infrastructure is transparent in use, in the sense that it does not 
have to be reinvented each time or assembled for each task, but invisibly 
support those tasks; 
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· Reach or scope. This may be either spatial or temporal - infrastructure has 
reach beyond a single event or one-site practice; 
· Learned as part of membership. The taken-for-grantedness of artifacts and 
organizational arrangements is a sine qua non of membership in a community 
of practice (Lave and Wenger 1992; Star, in press). Strangers and outsiders 
encounter infrastructure as a target object to be learned about. New participants 
acquire a naturalized familiarity with its objects as they become members; 
· Links with conventions of practice. Infrastructure both shapes and is shaped 
by the conventions of a community of practice, e.g. the way that cycles of day-
night work are affected by and affect electrical power rates and needs (….); 
· Embodiment of standards. Modified by scope and often by conflicting 
conventions, infrastructure takes on transparency by plugging into other 
infrastructures and tools in a standardized fashion; 
· Built on an installed base. Infrastructure does not grow de novo ; it wrestles 
with the "inertia of the installed base" and inherits strengths and limitations from 
that base (….); 
· Becomes visible upon breakdown. The normally invisible quality of working 
infrastructure becomes visible when it breaks (….). 
An interesting aspect of this definition is it's socio-technical character. The 
notions of embeddedness and the statement that it links with conventions of 
practice imply that infrastructure is not purely technical, but is tightly linked to 
different social arrangements. This is also supported by the claim that 
infrastructure is learned as part of membership in a community of practice. 
Hanseth (in progress) gives a definition of infrastructure that share several 
features with Star and Ruhleder's definition. In short, Hanseth (in progress) 
characterises infrastructure as a shared, evolving, open, standardized and 
heterogeneous installed base. That an infrastructure is a shared resource for 
a community is in opposition to the traditional view on information systems 
as individual tools, which are developed for very specific purposes and used 
by a clearly defined and limited group. An example of the evolving character 
can be seen in the road infrastructure, where every new road is an 
improvement to the existing infrastructure. The evolving character is related 
to the openness character, which refers to the infrastructure's lack of borders 
regarding the number of elements it may include, the number of users, or the 
number of use areas that it may support. The standards describe the 
structure of an infrastructure whether they are deliberately designed or 
emergent. That infrastructures are heterogeneous means that they include 
components of different kinds - technological as well as non-technological 
(e.g. human, social, organisational). And, at last, the view of infrastructure as 
an installed base has important implications for how it can be changed. 
Our understanding of infrastructure will build on both the definitions 
described above. We will adopt the socio-technical approach from Star and 
Ruhleder, with an emphasis on the link between social relations and 
infrastructure. This socio-technical approach is also present in Hanseth's 
definition, but maybe not as apparent as with Star and Ruhleder. Hanseth, 68  Designing for Knowledge Building 
on the other hand, has a stronger emphasis on design related issues, or 
implications.
Hanseth (in progress) looks at an existing infrastructure as an installed base, 
and further argues that this installed base, strongly influences how it can be 
changed. “When an infrastructure is changed or improved, each new feature 
added to it, or each new version of a component replacing an existing one, 
has to fit with the infrastructure as it is at the moment” (ibid.). The installed 
base is seen both as a material to be shaped at the same time as it is an 
actor that often appears to live a life of its own outside the control of the 
designers and users. Thus, we should be talking of cultivation rather than 
design (ibid.). This conceptual change turns our focus on the limits of 
rational human control. We are not in complete control of how information 
infrastructure develops. Instead, the development of infrastructure is a 
natural ongoing process that we can influence by cultivating the installed 
base.
In this paper we will adopt this perspective on infrastructure in the analysis of 
the design and deployment of a CSCL activity. We will describe the 
relationship between the designed activity and the established infrastructure 
in schools, and discuss how this relationship influenced the deployment of 
the project field trial. But first we will describe the context of this study. 
3. CONTEXT 
The field trial reported from in this paper is part of an ongoing project named 
DoCTA (Design and Use of Collaborative Telelearning Artefacts) where the 
focus is on the design and use of technological artefacts to support 
collaborative learning (Wasson, Guribye, & Mørch, 2000). Our research is 
not limited to studying these artefacts per se, but includes social, cultural, 
pedagogical, and psychological aspects of the entire process in which these 
artefacts are an integral part. As part of this project we have organised a 
number of different field trials or scenarios where students have been 
working together in different virtual learning environments. In this paper we 
will report from our last scenario called Gen-etikk. We will now explain the 
design rationale behind the scenario, continue with a short description of 
what constituted the digital learning environment, and last the setting of the 
field trial. 
3.1. Design rationale
The scenario was designed in an effort to explore how it is possible to make 
online places that support ongoing interactions between users (e.g. 
students, teachers, experts), tools and tasks for learning about natural 
sciences (Wasson, 1999). The focus area for the two classes was genetics, 
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and we wanted the students to explore both scientific and ethical aspects of 
genetics. 
The pedagogical approach was modelled after collaborative knowledge 
building and progressive inquiry learning (Scardamalia & Bereiter, 1996). It 
was decided that we wanted two classes at two different geographical 
locations. This was seen as a motivational aspect for the participants, as 
they could engage in discussion with students outside their own classroom. 
It was also assumed that a larger community would be able to generate 
more ideas and information. As for the knowledge building activity, this was 
envisaged to be fairly flexible, with a high degree of self-regulation amongst 
the students. Supported by the structure and resources in the learning 
environment, the students themselves would identify problems on which to 
work, where they wanted to look for information, and it was expected that 
they would work both at home and at school. It was also expected that they 
would coordinate and regulate their working process as their work went 
along.
The role of the teacher was to be more like a co-learner and guide than a 
traditional teacher possessing the knowledge. It was thought that the teacher 
would regulate the work of the students by giving comments and advises, 
both within the classroom and in the online environment. As will be 
described later, the online environment was equipped with a tool (or 
assistant) in order to support the teacher with this kind of regulation. 
3.2. The digital learning environment
In order to provide the students with a shared online space, a web portal 
was designed for the two schools. The portal was used as an entry point for 
the students into learning resources (online text book, encyclopaedia, 
animations, search engine, and selected links) and a collaborative 
knowledge building tool,  Future Learning Environment 3, FLE3 
(http://fle3.uiah.fi). FLE3 is designed to support collaborative knowledge 
building and progressive inquiry learning (Muukkonen, Hakkarainen, & 
Lakkala, 1999). The goal in progressive inquiry is to support students in 
research like processes where the students themselves come up with 
research questions, hypothesis, and elaborate and search information as a 
group (Hakkarainen, Lipponen, & Järvalä, 2002).  In addition to FLE3, a 
combined chat and mind mapping tool (Dragsnes, in progress) was made 
available for the students to add support for synchronous communication. 
Last, in order to support the teachers in keeping an eye of what happened 
inside FLE3, an assistant was developed (Dragsnes, Chen, & Baggetun, 
2002). The assistant made it possible for the teachers to know how the 
different teams of students performed, and also to delegate to the assistant 
to send notifications in the form of e-mails to the teams when different teams 
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performances and efforts were not in compliance with the collaborative 
knowledge building process. 
3.3. Field trail setting and description
The field trial took place during the three last weeks of September 2002, and 
involved two grade 10 classes, one from Bergen and one from Oslo. One of 
the reasons these classes were selected was that their schools had the 
necessary computer equipment. Overall the students were experienced 
computer users, and possessed the basic skills necessary in order to use 
the digital learning environment. It was also seen as positive that the schools 
used flexible timetables, and that their teachers were motivated to participate 
in the project. 
The two classes were divided into local groups with 3 or 4 members, and 
each of the local groups in Bergen was connected to a local group in Oslo to 
form a 'composed group'. The composed groups should collaborate using 
the tools made available to them, first and foremost FLE3 and the 
synchronous mind mapping tool.  
4. SCENARIO DEPLOYMENT 
As explained, we will use a socio-technical approach to infrastructure. This 
means that the infrastructure in the schools consists of not only material 
objects like classrooms and computers, but also includes different 
organisational and pedagogical elements. These elements are linked 
together in the sense that each of them is based upon the existence of the 
others. In this section we will describe how the deployment of the DoCTA 
scenario interfered with the established infrastructure at the two schools, and 
how this established infrastructure influenced the introduction of the new 
technology and pedagogical approach. The description will build on the 
authors’ participation in the design of the project scenario, observation 
during the field trial, and conversations with both teachers and students.  
4.1. The technology
The to schools involved in this project had rather diverse technological 
infrastructures. The school in Bergen had two computer labs with 
approximately 20 computers in each lab. Most of these computers had 32 
MB memory, and they were connected to the Internet through broadband 
connections. The school in Oslo had just invested in laptops for all their 
students, and had a wireless LAN connection to the Internet. There was, 
however, no established infrastructure for collaboration between the two 
schools. Consequently, the scenario involved an introduction of new 
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technology that should serve as a foundation for the collaboration between 
the two schools. This new technology would have to be carefully integrated 
to the established infrastructures at both the schools. It was therefore 
decided that all the applications in the scenario should be web-based, so 
that they could be used without installing new software on the computers. 
Some 'plug ins' capabilities were needed but these could be installed as 
needed even in old browsers.  
The computer hardware and software were tested before the field trial, and 
all seemed to work fine. As the scenario started, however, several problems 
with the computer equipment were experienced, especially in the computer 
labs in the school in Bergen. Computers that were working fine during the 
testing were suddenly out of order, and several of the computers had 
configuration problems that required that they had to be restarted several 
times during each school hour. This caused serious problems for the 
combined chat and mind mapping tool that were used for synchronous 
communication, and as a consequence the scenario had to be changed so 
that the students could manage without this tool.     
The deployment of the gen-etikk scenario balanced on the limit of what was 
feasible with the schools technological equipment, but it also involved a 
considerably change in the established use of this technology. Hence, the 
problem was not only that the infrastructure did not have the desired 
standard, but that the deployment of the scenario exceeded the conventions 
of practice that the infrastructure would normally support. During 
conversations with the students it was revealed that the normal use of the 
computer labs were quite limited. While working on different projects, small 
groups of students would get access to the labs in order to write up 
documents or search for information on the Internet. This moderate use of 
the computer labs were reflected in the school’s strategies for computer 
maintenance. Three teachers were responsible for maintaining the computer 
labs, and this was mainly done during the school vacations. During the gen-
etikk scenario 30 students were working several hours each day in these 
labs. Such extensive use of the labs was not usual, and the established 
strategies for maintaining the labs were no longer sufficient. Towards the 
end of the scenario more than half of the computers in the lab were out of 
order, and external computers had to be borrowed so that all the groups 
could finish their work.  
This example demonstrates the importance of taking a wide perspective on 
infrastructure. The infrastructure is not limited to the computers and 
networks, but links (among other things) to the strategies for computer 
maintenance as this contributes to a foundation for their conventions of 
practice. The deployment of the scenario involved a change in this 
established practice and thereby affected the demands on the infrastructure 
– not only the computers and networks, but also the maintenance strategies. 
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4.2. Organisational issues
Schools in Norway have a long tradition of organising their activities into 
weekly timetables. In the beginning of each year the students will receive a 
timetable that specifies when they will be working with each of the subjects. 
Different teachers are responsible for different subjects, and each subject 
has a detailed curriculum that specifies which topics that should be covered 
during the school year.  There are, however, examples of schools that are 
trying to change these conventions of practice (Dybvik, 2002). Several 
schools have introduced flexible timetables, and some schools even let the 
students themselves decide how to allocate their time.  
The gen-etikk scenario was organised as a multidisciplinary project where 
the students themselves should identify which questions to work on, and 
how to organize their work process within the frames that were created in 
the scenario. The fact that two different schools were involved also required 
that the schools should be able to coordinate their activities. In this way the 
scenario called for a rather flexible organisation of the school activities. 
Schools with flexible timetables were therefore selected in order to make this 
process more manageable. 
As Star and Ruhleder (1996) explains, infrastructures both shapes and is 
shaped by the conventions of a community of practice. In this scenario the 
introduction of the new technology can be seen as a development of the 
established infrastructure, and this development called for a change in the 
established organisational structure. While they would normally do most of 
their work within a regular classroom, they would have to be located within 
the computer labs most of the time that they were working on this project. 
And while the school days were normally divided into different subjects, they 
would now work on single project where they were supposed to learn about 
elements from a variety of subjects (e.g. natural science, religion, 
Norwegian). In order to coordinate activities between the two schools they 
also had to be quite flexible regarding changes in the timetables. In several 
occasions the scenario required that the subgroups were working 
synchronously, and both schools had to make several changes to their 
regular timetables in order to accomplish this. 
The deployment of the scenario demonstrated that these organisational 
changes were not easily integrated with the established organisational 
structure. The teachers at the school in Bergen had to reserve the computer 
lab for every hour that the students were supposed to be working on the 
project. This meant that the scenario had to be planned in detail, so the 
teachers could know exactly which hours they needed to reserve the 
computer labs. Deviations from the scenario were unfortunate, as other 
classes needed access to the computer labs as well. Consequently the 
scenario, originally designed to support a flexible learning process, ended up 
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specifying in detail the activities that needed to be carried out within each 
single school hour.  
Both schools involved in the project had started to use flexible timetables, 
but the degree of flexibility was not very high. This meant that the timetable 
included a number of flexi hours that could be used for whatever subject the 
teacher decided. All activities, however, were still organised according to a 
timetable. Consequently, every hour dedicated to the scenario had to be 
mapped to subjects on the timetable where the teachers involved in the 
scenario were teaching the class. The teachers, however, continued to work 
according to the original timetable. During a two-hour session on the project, 
the class could therefore have their language teacher the first hour and their 
natural science teacher the second hour. Each time they changed teacher, 
the teacher had to put an extra effort in keeping track of the students’ 
progress. It was also experienced that the use of this timetable made it 
difficult to expand the scenario beyond the predetermined hours, as both the 
teacher and students had to attend other activities. A network breakdown, 
for example, would then be particularly critical. 
Hanseth and Lundberg (2001) argue that the high rate of failures among 
projects aiming to introduce new technology in organisations is “due to the 
fact that the systems to be introduced as well as existing technologies are 
seen as separate and independent rather that as part of complex 
overlapping infrastructures” (p. 348). Infrastructures develop incrementally, 
and each extension to an infrastructure has to fit with the existing 
infrastructures. As infrastructure links with conventions of practice, this goes 
for the organisational structure as well. New infrastructures involve new work 
practices. The deployment of the gen-etikk scenario demonstrated that parts 
of the organisational structure built into the scenario were in conflict with the 
established practices. This did not prevent the scenario from being viable, 
but resulted in a number of challenges that had to be solved on the way.     
4.3. The pedagogy
The pedagogical approach in this scenario was based on collaborative 
knowledge building. The students were supposed to focus on problem 
definition, and information searching around their problems. The groupware 
used in the scenario, FLE3, is specifically designed to support collaborative 
knowledge building. After having engaged in knowledge building around 
their problems in FLE, the students should publish an article about their 
problem in Skoleavisa (an online newspaper for schools in Norway). 
Learning the students how to use the digital learning environment was fairly 
straightforward. After a short demonstration, and some testing on their own 
they could manage with only minor problems. Learning them to understand 
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the principles behind knowledge building, however, and engage in this new 
way of learning, seemed to be more difficult. 
All the groups contributed to the knowledge building within FLE3. But by 
observing and talking to the students while they were working, it was 
revealed that their focus was not so much on the problems they had defined. 
Rather, they seemed to be focusing on the final articles they were supposed 
to write about their problems. This became even clearer in the second part 
of the field trial. Some groups divided their work so that some would search 
for information about their problems, some would start writing on the article, 
and some would copy the information they found into the knowledge-building 
module in FLE3. The focus was on the end product rather than the 
knowledge building process. This is clearly not in line with the intended 
knowledge building process. It seems like the new pedagogical approach 
was hampered by the conventions of their traditional activities, e.g. essay 
writing. This applies for the teachers as well, as their evaluation of the 
students achievements were based on the final articles rather than their 
knowledge building process in FLE3.  
Another aspect that was identified was related to their use of the knowledge-
building module in FLE3. This module might look like a traditional discussion 
forum, but has some additional features to support knowledge building. As 
the students started to use it, they instantly started to use it like a tool for 
communication - sending informal messages to each other, to which they 
expected immediate feedback. This informal communication within the 
knowledge-building module continued throughout the whole field trial and 
created “noise” in the knowledge building. 
There were probably many reasons leading to the unintentional use of FLE3 
and the distortion of the knowledge building process. It is reasonable, 
however, to assume that it links with their conventions of practice. The 
students were experienced with various tools for communication, and their 
adoption of this new tool were shaped by their established way of using 
similar tools. 
As this might explain why the knowledge building process took an 
unintended direction, it also gives some implications for design. Because the 
design of the knowledge-building module reminded the students of 
something they had used before, it was easy to learn how to use it. In 
general this is desirable, but if the use of the associated (e.g. discussion 
forums, chat tools, SMS messages) tools is in contrast with the intended use 
of the new tool, it might entail some problems. The challenge of designing 
tools for a specific practice, thus, seems utterly complicated. 
5. CONCLUSION 
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Understanding why some technologies for computer-supported learning fail 
while others are successful is a complicated issue. There are a lot of factors 
involved (Baggetun, 2002; Grudin, 1989). Evaluations of new technologies 
can show that they are effective for their purpose and easy to use. 
Nevertheless, they often fail in being integrated into local work or learning 
practices. This makes it difficult to study the long-term effects that these 
tools may have on the learning process. We therefore see it as important to 
identify factors that can have an influence on how well new technologies are 
being integrated. We further argue that approaching the development of new 
technologies as design of infrastructure can be a fruitful approach in order to 
identify such factors. 
In this paper we have used an infrastructure approach in order to analyse a 
field trial from a project where several tools were combined in order to 
constitute a digital environment for collaborative learning. Infrastructure is 
understood as a broad concept which include not only technical, but also 
social arrangements. As this particular field trial was a design experiment, 
the objective was not to integrate the digital environment in the everyday 
practice, but to study its use during the field trial. Nevertheless, we believe 
that the analysis of this field trial has given some useful insights in 
challenges we meet in order to develop learning environments that will 
become integrated in local practices. Technological, organisational, and 
pedagogical issues were analysed, and structural differences between the 
designed scenario and the installed infrastructure were identified. The 
message is not to avoid such differences, but to be aware of them, and 
reflect on how the installed infrastructure can be transformed in a purposeful 
direction. As Hanseth (in progress) argues, the change of an infrastructure 
needs to take the installed infrastructure as its starting point. Each new 
feature added to it has to fit with the infrastructure as it is at the moment. If 
the organisational structure built into our scenario, for instance, had been 
better adapted to the established organisational structure, it would be more 
likely for the teachers to pursue this approach in their teaching. And if a 
small group of teachers were using it in their everyday practice, others might 
follow, and over a period of time it might be established as a foundation for 
their learning activities.  
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Abstract 
This paper examines the rhetorical and institutional characteristics of collaborative learning. 
Collaborative learning is a very popular topic in research on learning – a topic that crosses over into 
research on conceptual development. In our analysis we build on insights developed within discourse 
and rhetorical analysis and science and technology studies. The emphasis is on collaborative learning 
as something that is constituted in and through participants situated actions. Our illustrative analysis 
indicates that students discourse is contingent, and that it is displaying an orientation to local and 
pragmatic concerns dependent on the institutional context in which their activity is situated. These 
issues are handled through the use of different rhetorical and discursive strategies. Our conclusion is 
that it is analytically problematic to assess students’ discourse according to normative models of 
knowledge construction. 
Introduction 
This paper examines the rhetorical and institutional characteristics of texts produced by 
small groups of 16 year old student’s discussing matters to do with biotechnology and ethics. 
The general topic that we are concerned with in our research is collaborative inquiry and 
knowledge construction and how such processes are facilitated by modern information and 
communications technologies. However, instead of treating these issues as features of 
individual’s understandings and abilities, we want to examine the rhetorical features of 
student’s argumentation as well as how they pursue categorical distinctions of knowledge and 
cognition as part of their practical activities.  
In recent years investigations in to classroom discourses of science education have gained 
interest among researchers working with issues connected to learning and instruction (Elbers 
& Streefland, 2000, Greeno & Hall, 1997, Hicks, 1995, Lemke, 1993, Sfard & McClain, 
2002). It is also a characteristic feature of science education that epistemological models of 
science are and have been translated and transformed into models of classroom practice 
(Hakkarainen, Lipponen & Järvelä, 2001). However, there is not much research on science 
learning contexts where argumentation and persuasion is a prominent feature, and where both 
student’s common sense and more formal explanations and arguments are presented for joint 
negotiation and justification in small group environments (Kaartinen & Kumpalainen, 2002). 
Investigations into the discursive and rhetorical organisation of knowledge construction 
have however been done more extensively in the fields of social psychology (Billig, 1996) 
cognitive anthropology (Goodwin, 1997), computer supported collaborative work (Suchman, 
1993), and science and technology studies (Bowker & Star, 1999, Latour, 1999).  
A common denominator in these studies is that nature, society and mind are not 
underlying causes of action, but, rather are the products of human practical work. Scholars 
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working within the cognitive paradigm on the other hand often conceive of categories as 
mental representations – as reflections of how the world is organised (Gardner, 1985). This 
implies a disregard for the pragmatic and contingent work involved in the use of categories; 
of attaching things, ideas, processes and so on to categories and the practical work involved in 
organizing these into systems. We want to argue that the use of categories to do classification 
work and other things is a local and situated accomplishment, often embedded in institutional 
practices and orderings (Bowker & Star, 1999). In educational discourse this implies that 
doing education is partly constituted by student’s and teacher’s invocations of and orientation 
to categories and classification systems, systems that to a certain extent is available to them as 
ready made sociocultural forms of ordering reality. 
Regarding the issue of categories at work in collaborative learning, there is a problem 
with both Vygotskian and Piagetian theories of development in the sense that science is 
conceived as comprised of or organized into taxonomic and categorical systems that have to 
be appropriated or internalized. For Piaget the world itself is written in the language of formal 
logic (Latour, 1997), whereas for Vygotsky the language of science rather mediates between 
the mind and the external world. Both of these very influential scholars downplay the 
contingent and context specific work involved in knowledge formation. Working within a 
situated approach we would emphasise that knowledge does not come in the form of pre-
packaged taxonomic systems of order dislocated from human action and activities, but, rather, 
that knowledge domains such as biotechnology or ethics are inextricable from what people 
do, and whether what participants can be seen to be doing biotechnology or ethics is 
something that is at stake in different social practices; in scientific research, in science 
education or in political discourse. These practices are closely related to the situated and 
pragmatic concerns of different participants. Within this contextual framework our 
preliminary research questions can be formulated in the following way: 
x How do students use and make sense of categories of knowledge and understanding? 
x In what ways does the student’s use of categories display an orientation to the 
institutional context of schooling? 
Analytical approach 
As mentioned above we want to examine the role of categories and classification of 
knowledge and understanding in classroom discourse, and the inscription of these standards 
into computer artefacts. We take classification to be the sorting of something into categories 
that might or might not be organised in the form of a coherent system. Classification implies a 
certain segmentation of reality in which things are put into categories in order for them to do 
some kind of work.  
 To conduct our analysis we draw on insights developed within discourse and 
rhetorical analysis (Billig, 1996, Edwards, 1997, Gilbert & Mulkay, 1984, Middleton & 
Edwards, 1990, Potter, 1996, Potter & Wetherell, 1987), but also on studies and perspectives 
within the area of sociology of scientific knowledge and science and technology studies 
(Bowker & Star, 1999, Latour, 1999). 
From this perspective it is emphasised that talk and text are not reflections of peoples’ 
minds, of social structures, or of reality but are rather oriented to action in specific contexts 
and situations. Another feature of discourse that is emphasised is the ways participants orient 
to a rhetorical order when they design their talk and text. Any description or account can in 
principle be countered, although for all practical purposes some never are. Discourse is as 
such never neutral, on the contrary, the facticity or interestedness of descriptions and accounts 
are things that are at stake for participants and that can be invoked to do different kinds of 
work. Finally the importance of examining how participants orient to a moral order when they 
produce descriptions and accounts is emphasised. 
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Since rhetoric is a feature of discourse that we want to explore in some depth we will 
dwell on this issue a little longer. Thus, Billig (1996) emphasises how thinking in many ways 
has a rhetorical and argumentative organization, and in this sense, students knowledge 
building and generation of concepts and arguments can be examined in terms of 
argumentation and the discursive practices related to argumentation, for example how 
utterances are constructed to deal with possible objections or alternatives. According to Billig, 
rhetoric is a pervasive feature of discourse in general and not necessarily restricted to overtly 
persuasive communication.  
In accordance with this way of thinking any stance towards an issue is also orienting 
to possible objections and we can expect that students orient to these possible objections and 
that they will try to justify their position. A pervasive feature of description, especially in 
scientific and educational discourse where participants to a larger extent are expected to 
justify their explanations and accounts, is the possible alternative claims and descriptions that 
are being undermined. What we want to explore are some of the strategies that are used in 
science education to make accounts robust against criticism and undermining on the one hand 
and the strategies that are used to undermine others’ position on the other. A focus on the 
rhetorical aspects of science education enable us to transcend an understanding where 
language is understood as a mirror of nature, that is, as corresponding to an external reality, 
and where this language is inscribed into the students minds as an effect of their participation 
in instructional activities. Rather, we will look at how participants in this activity pursue 
categorical distinctions to deal with possible objections to their descriptions. However, before 
we analyse rhetorical features of this activity, we will discuss the relevance of examining the 
work that categories and classification do in education. 
The school’s work of categorizing knowledge and understanding 
It is apparent that there is a lot of categorization and classification involved in schools, 
in sorting, classifying and ordering. These forms of ordering of for example abilities, 
motivations for doing schoolwork, intelligence or behaviour, are also often inscribed in or 
mediated by different material artefacts. Moreover, it is also obvious that different ways of 
categorizing reality and the mind have different epistemological, political and ethical effects 
for both individuals and collectives and their abilities to participate in school and society as a 
whole. Categories can therefore be invoked to do a lot of different things, such as defending 
claims to knowledge, accounting for errors, dealing with conflicting information or handling 
issues to do with blame and responsibility for some action (Bowker & Star, 1999, Edwards, 
1997, Goodwin, 1997). In this sense issues commonly described as cognitive conflicts or 
conceptual change, that is, as phenomena specific to the orderings of individual minds, 
become reformulated as practical – not cognitive – problems for participants in educational 
activities.
Categories of inquiry, of knowledge and understanding play significant parts in 
specific practices, such as for example elicitation, remembering, accounts of blame and 
responsibility, negotiations of educational goals and amounts of time spent on task (Hester & 
Francis 2000). However, before we go into these issues in more analytical detail we want to 
discuss more theoretically the tradition of work on categorization of knowledge, 
understanding and inquiry. This is to develop a contrast with our own approach as well as 
point to what we believe to be problems with these approaches to studies of students 
understanding and reasoning. 
Collaborative modes of inquiry 
The idea that humans are active builders of their knowledge and understanding is 
perhaps the most compelling and significant psychological idea regarding learning and 
cognitive development of the 20
th century. In philosophy this idea at least goes back to Kant. 
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Today this notion is non controversial in research on learning and instruction. The 
controversial issue however, is the relative merits of the individual versus the social in 
processes of knowledge construction. Whatever position one takes on this social – individual 
continuum, the issue that still remains is in what ways the beliefs, representations, ideas and 
understandings students bring with them to specific learning situations interact with elements 
of the social setting. Regardless of emphasis on the social or the individual it is emphasised 
that the background knowledge that students bring with them both constrains and facilitates 
the appropriation of new knowledge and understanding. 
As we will try to show later there are some problems with this understanding of 
knowledge building, as well as with the closely related concepts of conceptual change, and 
also with the notion of knowledge as representations that students in one way or another carry 
with them in their bodies and minds, and that can be retrieved, expressed and changed in a 
specific instructional setting.  
From a conceptual change approach student’s conceptions are perceived as reflected in 
their discourse in diverse ways, although there is no one to one relationship between thinking 
and speech. The common sense understandings that student’s carry with them in to the 
classroom prove to be robust to change through instruction (Chi, 1981, Limón, 2001, 
Vosniadou, 1999). In any sense the students discourse is evaluated in relation to whether it 
maps on to proper scientific discourse. Alternatives to this individualistic version of the 
constructivist approach to learning and instruction have started to emerge within the confines 
of the sociocultural framework. 
From a sociocultural perspective, where participation in practices is the central 
metaphor, we might rather describe the problem of conceptual change as a problem of 
communication or intersubjective understanding. The objective of these communicative 
processes is to transform both the practice of schooling as well as the students ability to 
participate, so that they to a larger extent parallel the ways scientist conduct their work. These 
cultural practices of science can be described as practices of building knowledge that includes 
formulating research problems, finding relevant literature, scientific findings and empirical 
evidence, formulating hypotheses, explanations and arguments and defending these against 
potential criticism and developing theories and models that explain the phenomena in 
question. In the more cognitive conceptual change paradigm such activities would be 
conceived as productive for the development of a deeper understanding of scientific 
phenomena. 
In sociocultural research more emphasis is put on the dialogic participation in and 
transformation of specific cultural practices (Bereiter & Scardamalia, 1996, Elbers & 
Streefland, 2000). The attainment of specific scientific frameworks of understanding is as 
such dependent on how semiotic systems and other sociocultural tools and practices of 
meaning making are negotiated among students and among students and teachers. Therefore it 
becomes paramount that students are given the opportunity to participate in a kind of 
simulated scientific practice, a practice that simulates the way scientific knowledge is 
produced in academic institutions. However, in contrast to the conceptual change approach 
the emphasis is on doing; on activity rather than on processing information and having
understanding and knowledge. 
This dynamic and process oriented account of science learning, offer, in our view, a 
more realistic account of how scientific inquiry is achieved and how this achievement is tied 
to the local contexts of its’ production. Moreover, our understanding of collaborative learning 
might profit from this less abstract and more context sensitive account of what participants are 
trying to accomplish as well as the topics and concerns they deal with in and through their 
discourse. 
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However, even though the dialogical relationship between communicating and acting 
on the one hand and cognition on the other is emphasized in much sociocultural research on 
knowledge building and conceptual change (John-Steiner, Wardekker & Mahn, 1998), we still 
believe there is a tendency to view cognition as displayed or reflected in discourse, and even 
though collaborative inquiry is transposed from the individual mind out in to the domain of 
action and practices, it retains the notion of knowledge as something that is ontologically 
visible in activities and actions (Edwards, 1997). 
We want to argue that this view still takes collaborative inquiry for granted as the 
canonical form of scientific practice and does not deal with how participants themselves 
describe, explain or account for what they are doing. What we have depicted as the categories 
of scientific and collaborative inquiry, that is formulating hypothesis, gathering evidence and 
data and constructing theories and explanations, might be invoked and oriented to in 
participants discourse, but this need not be related to what they are thinking or what stage 
they are on in a collaborative process, but might rather be related to their local, situated and 
pragmatic concerns, e.g. when they are accounting for potential errors, dealing with 
responsibility and social accountability, or arguing for the amount of time spent on a certain 
task.
In our analytical illustration we will try to show how these categories of collaborative 
inquiry is something that is reflexively mobilized by the participants in this activity to deal 
with specific local and pragmatic concerns. In this sense collaborative inquiry is not just seen 
as an accurate description of proper scientific reasoning, but as something that they 
reflexively orient to and mobilize to deal with specific concerns, concerns that not necessarily 
fit within the idealized model of scientific practice. It is important to note that these categories 
of scientific inquiry are inscribed in the tool that was made available to the students in the 
activity that we examined. These categories will be described in more detail below. 
Describing the Context of Collaborative Knowledge Construction 
Our analysis is based on data from a research project called DoCTA NSS (Design and 
Use of Telelearning Artefacts, Natural Science Studios) In DoCTA a web-based knowledge-
building tool called Future Learning Environments 2 (FLE2) was used. Groups of students 
from geographically separated schools constructed arguments and invoked knowledge to back 
their claims both in favour of and in opposition to a group-chosen contentious issue (e.g., 
genetically modified food or cloning). The students were given access to web-based materials 
(text and video) that were related to the curriculum and a web search engine that accessed 
Norwegian on-line media resources. 
In collaboration with teachers a setting was orchestrated where students could work in 
groups, sharing and discussing ideas and arguments with others with the support of different 
types of software and educational resources such as models, text books and newspaper 
articles.
i All of these resources where available through one interface, that is, in an ordered 
environment that might support the students in their work. The form of ordering of resources 
that the software made available would perhaps make it easier for the students to structure 
their activities in relation to some educationally relevant goal. Students used the software to 
produce notes which are short texts that could be categorised with the following descriptors; 
Problem (a problem to inquire), My Working Theory (the students own conceptions of the 
problem), Deepening Knowledge (scientific findings or other knowledge relevant to the 
problem), Comment (general comments on the inquiry process), Meta-comment (general 
comments on the inquiry process and its methods) and Summary (piecing together the 
discussion and drawing and systematizing inferences based on the discussion). 
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Extract 1.
Screenshot of a note in the making. 
Analytical examples 
The first topic that we want to address is how students dealt with different types of 
knowledge, traditionally thought of as separate knowledge domains. As mentioned above we 
do not see the discourse as simply reflecting students’ understanding of conceptual 
knowledge, but as something that is oriented to action and social practice. This implies on the 
one hand that we are interested in examining how participants display their interpretations of 
the activity that they are involved in to one another, and how topics concerned with 
determining the relevance of a certain type of knowledge in relation to a task are handled. On 
a more theoretical level we are interested in the implications this has for the psychological 
understanding of conceptual development.  
Dealing with epistemic diversity. 
In the following note produced by students it is evident that they are involved in an 
argument about genetically modified food and the related social and ethical effects. The text is 
in part a list of arguments in favour of a certain stance on this topic. To develop an analysis of 
such a text it might be a good idea to look at the structural features of the text first, i.e. how 
the text is physically organized. The use of headings, capital letters, and lists and so on, 
provide clues to guide the recipients of the message, and the analysts, in their interpretation of 
the text (Silverman, 2001). The text is of course complex and it is doing a lot of different 
things, eg. in the sense that in the first lines they are displaying agreement regarding the 
choice of a problem to investigate further, they are displaying their view on this issue and 
they are displaying an orientation to their interlocutors whom will argue for the opposite 
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position. However, these issue that we want to focus on in this paper is the rhetorical 
organization of the text, and the devices and strategies the student’s invoke in their 
argumentation.  
Extract 2. 
Group A. [This note is categorised as problem]
1. Contribution [This is the heading of the text] 
2. Yes! Here we are again! 
3. The problem is ok!  
4. We support genetically modified food! Just so u know it…=) 
5. HURRAY FOR GENETICALLY MODIFIED FOOD!!!:) 
6. Bye for now… 
7. But, why are you really negative to it? 
8. We support it because: 
x it can help poor countries get more food 
x the food become more nutritious 
x it can grow faster 
x more food, and more people get food 
x food that stays fresh longer, and that looks nice and eatable! (the looking nice thing is 
for the restaurants..they sell more food if it looks nice) 
x the food can get bigger in size 
x can taste better 
9. That was our opinions! What do you think? 
10. Talk to you soon!! =) 
In what sense can these arguments be seen to be rhetorically organized and in what ways are 
they oriented to possible objections and counter arguments and in what ways are these 
arguments oriented to possible contextually relevant knowledge? They are rhetorically 
organized in the sense that regarding all of the claims it would be possible to argue for the 
opposite. It would for example be easy to imagine the opposite belief or argument being 
proposed by another student or group of students. In that case one could say that the first 
argument is denying a possible alternative that genetically modified food would serve only 
special economic interests. In this case another group of students was expected to propose 
contrasting views; this was how the work in the design experiment was organized. What is 
interesting is to look into how the arguments are constructed so as to be more robust against 
potential rebuttal. Later we will look into how these arguments are taken up by and responded 
to by the other group.  
What we want to highlight first is perhaps the most striking feature of the text which is 
the use of a list with bullet points. Lists can of course be used to do a whole range of things, 
such as listing a set of items to remember when doing shopping. The use of so called three 
part lists is also a recurrent feature of conversation, that are used to summarize a class of 
things or a general phenomenon, in the sense that we have more than individual instances 
(Potter, 1996). In a sense lists can be said to point to or indicate a certain form of ordering. In 
this case there is no order of importance implied in the use of the list, but, nevertheless the list 
conveys a certain order and things are selected and highlighted as relevant and as logical 
support for their claim. Another thing to notice is that the use of a list points to the quantity of 
arguments something which means that the list in principle can be extended. This makes it 
more difficult for the other group to deal with and argue against all of their views. All in all 
these structural features provide their arguments with a certain rhetorical robustness. The use 
of this list also displays an orientation to the institutionally derived goals of the activity which 
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where formulated as finding arguments that supported their view on this issue. The use of a 
list as such displays an orientation to a possible evaluation by a reader, which in educational 
discourse usually is the teacher. 
Before we develop the analysis of the institutional character of their discourse and the 
institutionally derived concerns that the participants are dealing with, it is however necessary 
to discuss the problems that we highlighted in the introduction, which were how the students 
make decision regarding what kinds of knowledge that is relevant in relation to their problem 
of inquiry, and the issue of conceptual change. It is our view, however that these issues cannot 
be separated from the issues above in any clear cut sense.  
The use of conceptual knowledge to make distinctions and support claims are issues 
that students deal with in their talk and text and it is as such part and parcel of the texts’ 
rhetorical organization as well as other concerns that are displayed in their discourse. 
Conceptual knowledge is as such not a reflection of what the students know or understand it is 
something that they used, invoked and pursued in their discourse. 
If we look more closely at the content of the arguments in the text above we see that 
they do not provide any explanations regarding possible connections between their list of 
views and their initial argument in favour of genetically modified food. This is partly because 
they are in the initial state of the activity where they are supposed to just state their own 
opinions without backing their claims through the use of more reliable knowledge.  
Nevertheless, there are some interesting features of their arguments that we would like 
to point out especially regarding the use of conceptual categories. This is part of the rhetorical 
organization of the talk, i.e. that the talk is organized to deal with possible objections and 
counter arguments. At a first glance it is not difficult to agree with their assertions. In a sense 
they display an orientation to a certain common sense knowledge that most people can agree 
with. What is at stake however is whether these assertions can be linked to genetically 
modified food i.e. that genetically modified food has these potential effects. This premise is 
taken for granted by the students, and are issues that it would be important for the students to 
develop further.  
Regarding the rhetorical organization of the arguments one could imagine the other 
group disputing their claims by simply saying that gene food does not grow any faster than 
regular food. Their criticism would however have to dispute the basic premise, i.e. that gene 
food has these potential effects. It would be hard to argue against the assertions as such 
because they are rhetorical common places – issues that most people would agree with 
without requesting any supporting evidence. In the following extract we will look at how the 
other group responded to these assertions. 
Extract 3. 
Group B. [This note is categorised as Comment]
1. We don’t need gene-food. [Heading] 
2. We believe that we don’t need gene-food in Norway. A lot of that has to do with nature and 
3. the nature of human beings. Not all people are happy with eating food that has been  
4. tampered with. 
5. Article from Bergens Tidene [Norwegian Newspaper]: 
6. “Helga Norland takes a big mouthful of a juicy tomato and undoubtedly, ecologically  
7. grown vegetables taste best. She believes that we do not need genetically modified food”. 
It is evident from this note that this group does not respond to the other group’s assertions, 
they rather list their own assertion and provide a couple of reasons supporting this claim. 
They also cite an extract from a newspaper article as external support. In a sense they are 
simply acting out an institutionally derived plan where they are supposed to give their view 
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and provide reasons for this view. In their text they display an orientation to this 
institutionally derived plan. As support for their claim they invoke the notion of people 
generally not being happy about eating genetically modified food. They also vaguely refer to 
nature and biology as arguments supporting their claim. They use this strategy instead of for 
example saying that genetically modified food has dangerous effects on people’s health. Both 
these strategies would be considered appropriate although the second one would perhaps be 
closer to a type of scientific argument.  
A question we could ask is why they use such a vague expression. Is it simply a 
reflection of their lack of understanding of the topic or can we find more situated and 
interactionally relevant reasons? One thing that this vagueness does is related to 
accountability. People generally orient to accountability, to what is considered as normal and 
appropriate, when they are giving descriptions and accounts of some phenomena or event 
(Buttny, 1993). The use of two different categories is relevant regarding this issue, that is, the 
reference to nature and humans. The use of this vague formulation makes them less 
accountable for their assertion, i.e. the lack of specificity makes it more difficult for the others 
to pick out one thing about their argument as problematic. A vague reference to humans and 
nature portrays this as common knowledge – something that everybody knows and agrees 
upon, without saying exactly what this implies or means. This way of arguing, which is quite 
common in everyday discourse, is also a common strategy in school work. However, one 
could question whether the students should be challenged to go beyond this common sense 
level.  
Institutional talk 
An interesting feature of these data is the lack of teacher presence in the text. The text 
and arguments are produced by the students for other students and not primarily for the 
teacher. As such we would believe that the institutional constraints on the students talk would 
be less apparent in these texts than in regular teacher dominated talk. It is a basic feature of 
sociocultural research that reasoning and arguing takes place within a context and that these 
processes are inseparable and constituted and constitutive of this context. As such, talk in the 
classroom is designed to deal with certain institutional concerns that together can be described 
as doing teaching and learning. These considerations are displayed in the participants talk and 
text. As such the talk and text is designed with an audience in mind, that is, it is oriented 
towards a recipient. In a sense the traditional recipient of student talk is the teacher and it is 
designed so as to be evaluated by the teacher.  
An interesting feature of this material is that the recipients are primarily other students, 
but that does not necessarily mean that their texts does not display an orientation to 
institutional concerns to do with the evaluation and quality of their argumentation, that is the 
social and institutional shaping of knowledge. In a sense this is analytically interesting 
because it might tell us something about how the students themselves perceive and make 
sense of the activity that they are taking part in, and whether their actions are institutionally 
relevant.  
Institutional accountability 
We found it useful to analyse the notion of accountability, which is the normative 
order to which the students are displaying an orientation, as an institutionalised accountability 
in the sense that the students are accountable to institutionalised norms, rules and 
assumptions. This emphasis on institutional accountability enable us to analyse the students 
descriptions and accounts on a more social level, in contrast to the more individualistic focus 
of more cognitive research on conceptual understanding and change (Mäkitalo & Säljö, 
2002).  
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What happens if we look at the student’s accounts in the light of a wider institutional 
context with certain institutionalized concerns, rules and norms, and in what ways does the 
student display an orientation to these norms and rules in their texts?  
The practice of citing authoritative texts for example, which was a dominant feature of 
our materials, enable the students to do certain things. It enables them to construct their views 
as objective, and it makes it easier to dislocate the attribution of responsibility for the claim. It 
is not just a sign of incomplete knowledge construction. On the contrary, it is also a type of 
social action that enable them to deal with something that might be seen as a problematic 
feature of educational discourse, ie. to account for your own beliefs or knowledge about a 
certain topic. When student’s give their view on an issue it is a possibility that they might be 
wrong and that they might experience critique from other students or the teacher. Doing it in 
these ways enable students to deal with such potential criticism. These accounting practices 
are thus resources for participants in their activities. Leaning on others authority enables them 
to avoid accepting the full responsibility for their accounts in case they would be wrong. In 
this sense they would save face in the light of potential criticism. This impersonal style 
enables them to manage social accountability, avoiding blame and responsibility for being 
wrong.  
Agency is also mobilized to deal with issues to do with blame and responsibility. This 
strategy has certain affordances, but it does not necessary correspond to the ideals of scientific 
inquiry. However, there are reasons to believe that it works within this particular institutional 
context, if not, it would probably have been commented upon or more explicitly and criticized 
by the teachers responsible for the class. In one sense participants talk is designed to be 
appropriate, rational and reasonable in the context that they occur. But they might be accused 
of simply copying others accounts without evaluating them and commenting upon them. This 
is a potential dilemma for the students. 
Categories and classifications 
Within the sociocultural framework the relations between categories and the social and 
material world is a contingent one, that is, there is nothing about the world itself that inscribes 
itself in classifications and categories. Classification and categorization is as such a social and 
constructive activity involving the mobilization of different agents (Bowker & Star, 1999). 
Science education requires that students appropriate different categories and classification 
systems. We do not want to perceive these categories as pre-existing entities that students 
have to learn, but, rather, look at what kind of work these categories do on the one hand and 
how categorical distinctions and classifications are pursued and established in discourse on 
the other. Categories of understanding or knowledge building/construction are in this sense 
not simple reflections of what students know or do. These forms of ordering can both be 
discursive and non discursive. In this particular case they are built into particular material 
artefacts that nevertheless are oriented to and invoked in discursive activities. In this case we 
will look into both epistemic categories and categories of modalities of understanding, such as 
I believe, I know, I think and so on, and categories relevant to the particular topic of their 
project. For the students analyzed in this paper this involves relevant categorical distinctions 
to do with genetically modified food. We will look at how these categories enable the students 
to do things, for example to construct arguments, or deal with social and institutional 
accountability. 
The students where supposed to argue about genetically modified food. Food can be 
categorized in a number of ways, the most important distinction here being the one between 
natural food and genetically modified food. Neither of these categories is clear cut, in the 
sense that it is not at all clear what natural food is, whether the use of artificial nutrients is 
allowed and so on. One could argue that perhaps the term organic food might be more 
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appropriate. Further one could make distinctions between meat, vegetable, fruit and so on. 
There are a number of categories available. However it is not our intention to present a 
complete listing of different ways of categorizing food, but rather focus on what participants 
can do with these categorical distinctions. There are two other issues that immediately strike 
us as significant aspects of food that might be relevant when arguing for or against genetically 
modified food. The first is the attributes of food, such as taste, nutritional value, size and so 
on. The second is the possible effects of genetically modified food both on individuals and on 
the natural and social environment. These categories can be invoked by the participants in 
different ways to construct their arguments and to make their arguments convincing. When 
pursuing these distinctions participants are orienting to sociocultural context, to what is 
perceived as reasonable and normal within the institution and within a broader normative 
societal context. Below we will look more closely into this issue and provide examples of 
how the students do this and how it is taken up and responded to by others.  
If we again look at extract 1 we see that the students invoke some of these categories 
in their arguments. Because genetically modified food can grow faster it makes it possible to 
redistribute food and wealth in the world. The students mobilize categorical distinctions to do 
with the attributes of genetically modified food and invoke possible effects of these attributes. 
These arguments are of course open to debate and counter arguments as we mentioned above. 
The point we are trying to make here is that these categorical distinctions are not established 
once and for all, they are to an extent ready made and available for the participants but they 
way they are used and the particular work they do is highly situated and context dependent. 
In extract two the students are invoking the category Norway as part of their argument. 
This is taken up by the other group and criticized as being a non relevant category in this 
particular context. 
Extract 4. 
Group A. [This note is categorised as Comment]
1. answer [Heading] 
2. Hey guys, we are not just thinking about Norway! There is a world outside, as well you  
3. know 20. =) Open your eyes, think of what the world can yield to others if we just mix a  
4. little! ;) 
The relevance of particular categories is as such negotiated among the participants and 
institutional concerns are invoked to argue for or against a certain category. In this sense the 
universalistic decontextualized character is invoked as the proper criteria for judging the 
relevance and truth value of a particular argument. This notion is not taken up or undermined 
by the other group. Rather, both groups continue with the process of finding facts from other 
sources to support their arguments.  
If we just focus on the content and process involved in students collaborative activity 
and map epistemic categories on to the students actions and understanding we loose sight of 
some of this local and situated work that these categories enable them to do.  
If we look at the categories of inquiry that the students have labelled their notes with, 
we see that the first is labelled Problem and the two others Comment. We see that the 
categories do not necessarily correspond to the content of the notes. The first is not just a 
description of the problem but also contains initial suppositions and arguments. The 
comments contain arguments, counterarguments as well as the citation of some other finding 
supporting their claim. It is important to note such a model of scientific inquiry that is 
inscribed in this particular as well as similar technologies, is not meant to be an accurate 
description of what scientists or students actually do, but is first and foremost a normative 
model of scientific inquiry (Scardamalia & Bereiter, 1994). 
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However, it is out opinion that this idealized model leaves out important features of 
collaborative activity, features that are less formalizable and more dependent on sociocultural 
context. This is not necessarily a critique of normative models in science education per se but 
rather an emphasis on the need for closer analysis of what students do in situ and how their 
actions are oriented to institutional norms and rules. It is in our opinion just as important to 
describe this institutional context and student’s activities within this context as providing 
models and analyses of student’s activity and whether these activities correspond to idealized 
models of science. 
Conclusion 
We have attempted to outline an argument regarding how to analytically approach 
collaborative inquiry in science education. Theoretically we have tried to discuss certain 
weaknesses of the application of idealized models of scientific work as normative templates 
for learning and instruction on the one hand and as analytical models of students discourse on 
the other. In our analytical examples we have tried to illustrate the advantages of an approach 
that is more sensitive to what student’s and teachers are doing in these types of activities and 
the concerns that they are dealing with in their work. The student’s interpretation of the task 
and the goals of collaborative inquiry take place within a complex situation where different 
institutional and social concerns are in operation. We have tried to show how students display 
an orientation to this institutional context in and through their computer generated texts. The 
meaning or their arguments and their organization are established within the boundaries of 
this complex institutional context.  
Their actions however are not in any sense predetermined by this institutional 
dimension, on the contrary, students draw on many available resources to make sense of and 
accomplish their task, and the categories that are available to them are invoked to deal with 
these situated and contingent concerns. These categories are as such not necessarily 
something that displays what the students think or understand, but they are categories that are 
invoked by the participants to accomplish institutional work. We have tried to show how the 
rhetorical organization of the talk is a prominent feature of how the students go about 
managing this kind of work, how they deal with potential criticism and counterarguments and 
how they deal with issues concerning agency and responsibility. 
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Managing Institutional Concerns in Collaborative Learning 
Hans Christian Arnseth 
Department of Educational Research 
University of Oslo, Norway 
h.c.arnseth@ped.uio.no 
Introduction 
This paper examines the rhetorical and institutional characteristics of texts and talk produced 
by two groups of tenth graders engaged in a collaborative activity using a specifically 
designed virtual learning environment. The main starting point for this paper is a puzzle I 
encountered when I was searching through my data: Why is it that knowledge reproduction 
seems to be such a dominant feature of students’ discourse? This puzzle echoes a general, but 
perhaps slightly disappointing finding in research on learning situations where certain 
pedagogical models, and perhaps also innovative technologies, are being employed in 
ordinary classrooms. Even though research on what we can describe as best practice 
situations, have generated interesting and promising results, these theoretical and pedagogical 
insights have not been taken up and transformed into widely adopted practices. Consequently, 
the development of sustainable communities of learners presents a number of obstacles 
(Lipponen, 2001). However, instead of treating this feature of discourse as a shortcoming that 
is due to imperfections in students’ and teachers’ actions, pedagogical models or specific 
artefacts that are being used, I want to examine how knowledge is used in relation to the local 
context in which it occurs. 
In educational encounters the nature of students’ understanding is an important part of 
the institutional agenda, and reproducing knowledge might be one way of managing 
institutional concerns. Thus, the question of knowledge also makes relevant the question of 
knowing, that is to say, what counts as knowing is in part constituted by how knowledge is 
employed. Consequently, I am interested in how different notions of knowledge and knowing 
are invoked and made relevant at different junctures during collaborative learning in order to 
do some particular work; to undermine or bolster an argument, to exonerate blame and so 
forth. What is more, it is crucial to examine how these practices relate to the institutional 
forms of ordering in which they are deployed (Bowker & Star, 1999, Grossen, 2000, 
Ludvigsen & Mørch, 2003). 
The relationships between classroom discourse and scientific knowledge have recently 
become an important topic among researchers concerned with learning and instruction (Elbers 
& Streefland, 2000, Greeno & Hall, 1997, Hicks, 1995, Lemke, 1993, Sfard & McClain, 
2002). However, not many studies of collaborative learning have examined knowledge and 
knowing as parts of situated actions, where the participants’ own sense making practices is the 
locus of inquiry. More often, talk and text are searched for specific types of discourse 
processes or collaboration patterns that are considered productive for learning (Lipponen, 
Rahikainen, Lallimo & Hakkarainen, 2003). Even though employing these kinds of analytical 
strategies can provide important insights into how the organization of discourse affects 
learning, it implies a disregard for the contingent and context-specific features of discourse. 
Thus, the main objective in this paper is to offer a different take on collaborative learning, not 
because it necessarily is more valid, but because it might offer interesting insights into how 
collaborative learning is accomplished. 
Thus, a situated approach to learning, informed by a social constructionist 
epistemology (Shotter, 1993), offers an approach which implies that accounts and 
descriptions are treated as something that get their sense from within the social practices in 
which they are deployed. Consequently, doing education is in part constituted by students’ 
and teachers’ invocation of and orientation to knowledge in the form of categories and 
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classification systems, and by the same token, to know is to be able to use these in 
accountable ways. However, such socioculturally developed resources stand in a complex 
relation to situated human practices (Säljö, 2000). Thus, whether students are using 
knowledge correctly, is something which is at stake in the classroom, and, moreover, it is 
closely intertwined with the participants’ pragmatic concerns. 
Analytical Approach 
In my analysis I make use of Discourse Analysis (DA) as a methodological framework 
(Billig, 1996, Gee, 2000, Gee & Green, 1998, Potter & Wetherell, 1987). As I will briefly 
describe below, certain theoretical conceptions of language, mind and reality are implied in 
such an approach.  
First, discourse is oriented to action – actions that get their sense from the contexts and 
situations in which they are deployed. Therefore, talk and text are not treated as reflections of 
peoples’ minds, social structures or reality. Furthermore, institutional norms and rules are not 
treated as external to action, but rather as something that is made relevant in and through 
action.
Second, social actors orient to a rhetorical order in and through their talk and text, 
something which implies that discursive action is organized in order to be persuasive on the 
one hand and to resist easy undermining on the other. Participants treat one another as people 
with interests and motivations, and they can be expected to deal with these concerns in their 
discourse. This means that, even the construction of discourse as factual or as reflecting 
special interests, is a social accomplishment that can do important work and have significant 
consequences. 
Finally, participants orient to a moral order in and through their discourse, that is, they 
are accountable to what is considered normal and appropriate ways of acting in different 
cultural contexts (Buttny, 1993). 
Data
The analytic part of this paper is carried out on a small selection of a larger corpus of 
materials collected from a collaborative group work activity involving the use of a web-based 
knowledge-building tool called Future Learning Environments 2 (FLE2). The tool was used 
between two geographically separated classrooms over a period of two weeks. Groups of 3-4 
students were supposed to collaborate with other groups across classrooms using FLE2 and 
they were supposed to take opposite positions on a group chosen contentious issue to do with 
biotechnology and related ethical considerations. Finally, they were supposed to summarize 
their activity in the form of a written essay. FLE2 is a computer based system that is 
accessible through a regular World Wide Web browser, and it allows for asynchronous text 
based communication and categorization of the epistemic status of messages, e.g. whether a 
message can be treated as a problem, an opinion or an argument that is substantiated by 
scientific evidence. 
The data corpus consisted of FLE2 messages, which were collected and inscribed into 
separate Word files. In addition I had access to video recordings of two of the groups in one 
of the classrooms as well as all of the essays produced by the groups in the same class. 
However, in this paper I have focused on one group in particular, that is, I have examined 
their use of knowledge as part of a discussion with another group of students, talk with the 
teacher and their final essay. Consequently, I collected all the episodes where these things 
were topicalized. The coding was done inclusively and in order to make the data available for 
analysis. Thus, coding is not the analysis; it is only done in order to establish a manageable 
corpus.
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Since the data are collected in a situation that was set up for research purposes, they 
are not necessarily representative of ordinary practice. However, they can be considered 
representative of a set of processes and concerns that are important in collaborative learning. 
Nevertheless, further studies are needed in order to assess the general significance of these 
practices. 
The selection of data for analysis is motivated by a certain theoretical concern to do 
with examining collaborative learning, and different stages in an activity are selected in order 
to establish a ground for doing a comparison between different situations. Nevertheless, the 
analytical focus is on examining the situated nature of descriptions and accounts. However, 
the analysis should mainly be treated as exemplifying an analytical approach to the study of 
collaborative learning. This is due to the fact that no attempts are being made in order to 
establish the validity of the findings, for example by discussing deviant cases and so forth.  
Methodology 
In order to study how knowledge was used as part of situated practices, it was important to 
choose methods that would enable me to examine actions in their context. DA is a 
methodology that affords the analysis of how meanings are jointly produced, the means by 
which this is achieved and the consequences it has for subsequent actions and activities. When 
doing DA it is crucial to adhere to a set of analytical procedures and concerns that provide a 
certain structure and order to the analysis (Edwards & Potter, 1992, Gee, 2000, Gee & Green, 
1998, Potter & Wetherell, 1987). These concerns are closely tied in with a specific theoretical 
perspective on language, mind and reality, a perspective I only alluded to above.  
However, these methodological procedures cannot be set out in a recipe like format. 
Doing DA is very much a practical skill. What is more, even though I have listed a set of 
analytical procedures, this does not necessarily mean that they have equally contributed to this 
concrete analysis. Thus, the procedures stand in a flexible relation to the actual analysis.  
The first analytical rule of thumb is not to ask what state of mind or things in the world 
the discourse reflects, but, rather, to look for what kinds of actions that are performed by 
using specific formulations and categories. 
Second, it is important to examine the participants’ concerns, what they treat as 
significant as well as how they try to deal with these concerns in their discourse. Thus, even 
though the perspective I brought to the data in many ways made me look for specific things in 
their discourse, I examined how the participants themselves topicalized these issues. Thus, 
such an analytical procedure implies a certain methodological indifference to whether 
discourse fits a set of normative expectations regarding what is considered productive for 
learning. 
Third, analyze rhetorically, that is, look for what is being denied, countered and 
undermined by using specific categories or formulations and vice versa, how versions of 
events have been made more robust against critique. 
Fourth, analyse semiotically, look for what is being left out by saying or writing 
something in a certain manner. This analytic principle can be an important lever for getting at 
the constitutive powers of specific forms of discourse. 
Finally, it is important to examine how discourse develops sequentially, that is, how 
certain actions are related to what comes before and what comes immediately after the 
specific action in question. However, it is not always easy to establish what the relevant 
context for making sense of some action is. In principle the context giving sense to actions is 
endless, and it operates at multiple levels of organization and at different time scales. 
Consequently, the question regarding what is to be treated as the relevant contexts is very 
much a practical problem for the analyst as well as for the participants in educational 
encounters. Establishing a relevant context becomes especially difficult when the participants 
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are situated at different locations, because the participants have more limited resources for 
establishing a common context and, what is more, the significance of discursive action might 
interplay with other concerns that are in operation at the site of production. However, even 
though there are no simple solutions to this problem, it is important to raise it as an important 
analytical concern. 
Analyzing Collaborative Learning 
Generally speaking collaborative activities are often comprised of different stages, where each 
stage makes certain actions and activities more relevant than others. Thus, after an initial 
phase where problems are formulated or made sense of, initial arguments and explanations are 
provided. Then follows a phase where knowledge that can substantiate or enable a solution to 
the problem is sought, and, finally the students produce a report or an essay that addresses 
their problem. Throughout the process students and teachers should ideally engage in 
deliberation and discussion. However, the stages does not necessarily imply a linear 
trajectory, on the contrary, students can go back and refine their interpretation of the task as 
they find out more about the topic. 
Collaborative learning can also be categorized according to what kind of processes 
that it comprises, e.g. student – student talk, teacher – student talk and essay production. 
Furthermore, these processes can be categorized into smaller units, regarding for example 
what kind of speech acts or discursive patterns they comprise. However, my agenda is not to 
provide an accurate description of collaborative learning. This description is only done in 
order to provide some coherence to the analysis.  
In the paper I focus on three processes involved in collaborative learning. First, I 
examine an episode where students are discussing with other students. Second, I analyze a 
situation where the teacher is providing guidance to a group of students. Third, I look at their 
final essay. However, in order to make sense of these processes, it is also necessary to 
examine them in relation to where they occur in a trajectory of activity. However, the 
objective is not to assess whether their discourse progresses towards more scientific ways of 
reasoning, but, rather, to make sense of how the use of knowledge is related to the concerns 
that the participants are dealing with in the particular contexts in which it is topicalized and 
invoked.
The Use of Knowledge in Student-Student Discourse 
In discussions among students it might be expected, since the students are on a more equal 
footing, that institutional concerns would not be a very prominent feature of their discourse. 
Consequently, their accountability to an institutional agenda would not be that relevant, 
because the main concern would more likely be to engage in an argument, to establish a joint 
interpretation or to coordinate their actions. However, this does not mean that the students 
would not necessarily orient to what is considered institutionally appropriate ways of acting. 
At any prospective point they might be held accountable for what they do. As such, we might 
say that the deployment of certain strategies projects such potential situations. However, this 
is an issue that needs to be examined in relation to what the students actually do. In the extract 
below two groups are engaged in a discussion about genetically modified food. 
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Extract 1
1
Group 1 [Categorized as reliable knowledge] 
We would like to avoid gene-food 
We don’t want gene-food because it is too insecure and there hasn’t been done enough research on 
it. Not many people support gene-food. 
This article is from Dagbladet [Norwegian Newspaper]: 
Food that is genetically modified isn’t welcome on Norwegian kitchen 
tables. 86% believe we should keep away from genetically modified food. 
In a survey conducted by The National Institute for Consumer Research 
(SIFO) more than 1000 Norwegians were asked about attitudes and practice 
towards food use. To the question “I would rather avoid genetically 
modified food” 86 percent answered that it is fully or partly correct. Only 
9 percent think that genetically modified food is ok. 
-In the survey, Trust in food, 69 % state that they think genetically 
modified food is unsafe. Even more people want to avoid it, says Lisbet 
Berg, researcher at SIFO. 
-Many think ecologically grown food is both healthier and better for the 
environment, but only a few people choose it. When it comes to genetically 
modified food, it is consequently more people that actively want to avoid 
such food, just in case, than the ones who think it is dangerous. 
The Norwegian numbers are compared to corresponding attitudes in the 
countries famous for their food scandals, England and Belgium. 
There, between 40 and 50 % of the population are sceptical towards 
genetically modified food. 
Group 2 [categorized as reliable knowledge] 
sorry! 
This isn’t good enough folks! 
The reliable knowledge you sent, are just surveys! This isn’t the case, or proved! Sorry! 
This is from Dagens Næringsliv [Norwegian Newspaper]: (you should read this) 
Oslo
Genetically modified food isn’t that dangerous that many consumers seem to 
believe. This is the opinion of an expert committee directed by Professor 
Lars Walløe. Yesterday the minister of Health (and Social Affairs) Tore 
Tønne received the report on the consequences of genetically modified food 
articles on health. 
The conclusion of the committee is supported by the new leader of the 
Norwegian Biotechnology Advisory Board, former minister of Health (and 
Social Affairs) Werner Christie. Christie said yesterday that fat, smoke 
and sweets are a larger threat to public health than gene food, according 
to Nationen [Norwegian Newspaper]. The committee downplays the risk 
connected to the use of genetically modified food. 
- Does this mean that the committee give the green light for the use of 
genetically modified food articles in Norway? 
-Well, I suppose it does, says Lars Walløe. 
Today no genetically modified food articles are approved in Norway, but the 
(Governmental Organisation for the Inspection of Food Articles) have three 
applications for admission. The foreign company Novartis have applied for 
the release of three types of genetically modified corn on the Norwegian 
market. 
There u go… 
                                                           
1 This extract contains two messages produced by groups of students using the FLE2 tool. The text and talk 
referred to in the paper have been translated from Norwegian. The second message is an answer to the first. The 
text in square brackets indicates how the students themselves have categorized their accounts using the built-in 
scaffolds available in FLE. The text represented with the Arial font is the students own accounts, while the text 
in Courier is information they have copied from other sources. I will not reiterate these categories here 
because it is not that significant for this analysis. However, a detailed description of the categories of inquiry can 
be found on the FLE2 website: http://fle2.uiah.fi/ 
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What I want to focus on in this extract is the reply by group 2 to the claims made by group 1. 
Moreover, what is especially interesting is the contrast between the two newspaper extracts 
that are enclosed in the messages – a contrast that is made relevant by group 2. Group 2 
claims that the studies that group 1 are referring are not good enough, because they are only 
surveys and surveys should not be treated as scientifically valid. To back their own claim they 
cite a newspaper article saying that genetically modified food is not as dangerous as 
consumers seem to believe.  
This claim is made by an expert committee, and by citing such a text they make their 
argument more robust against rebuttal, and by the same token, they downplay their own 
agency in the sense that it is not just something they themselves believe. On the contrary, it is 
something that is claimed by an expert committee. The use of the categories “expert” and 
“Professor” works to warrant the report, because of the category membership that is made 
relevant by these categories (Edwards, 1997). Thus, by conjuring up a certain version of 
science and by exonerating their agency through the deployment of an extract where the 
category “expert” does some important work, they construct an argument that has a certain 
rhetorical power. At the same time they undermine the other group’s argument, in the sense 
that people’s beliefs, which is an important part of group 1’s argument, is constituted as not 
being founded on scientific knowledge. 
The contrast between scientific evidence and people’s beliefs does some interesting 
work here, in the sense that it undermines the authority of the text that group 1 invoked to 
support their argument. Whether the students have understood the content of these arguments, 
is difficult to determine on the basis of these messages. Nevertheless, both of the accounts can 
be treated as relevant in relation to the task, which were to engage in a discussion over a 
contentious issue. The first is a survey that supports the claim that most people are sceptical 
towards genetically modified food, while the other lends support to the fact that most people 
are in fact mistaken in their scepticism, because it is not supported by scientific evidence. 
Thus, the contrast between different versions of scientific knowledge is conjured up in 
order to undermine the significance of group 1’s account and to validate and bolster group 2’s 
own account. This version of science is invoked as part of an argument, and, by the same 
token, certain notions of what it entails to know something are constituted in and through their 
discussion, i.e. knowing is perceived as being able to distinguish facts from fancy. However, 
it is problematic to say that the students are simply reproducing knowledge. On the contrary, 
by embedding it in a new context it does some important work, and its meaning somehow 
becomes re-contextualized, because it is enclosed as part of a different text. Consequently, the 
knowledge gets its sense in part by the comments that surround it. What is more, it is evident 
that group 2 has examined the newspaper extract that is enclosed in group 1’s message. 
Therefore, they have not simply copied knowledge without doing something with it. 
However, their reading is done selectively and in order to lend support to a specific argument. 
Thus, the use of knowledge is contingent on the situation in which it is deployed. In this case 
the important concern for the participants was to engage in an argument, and especially group 
2 designed their actions so that they were in accordance with such an interpretation of the 
situation.  
If we were to treat this as a discussion informed by an institutional agenda, it would 
make sense to treat it as a dispute that in part get its sense in relation to the set up of the 
activity, a set up that implied that they were supposed to argue for opposing views. As such, 
re-producing knowledge enable them to deal with concerns that are made relevant by this set 
up, that is to say, it enables them to constitute themselves as a group that is engaging in a 
discussion where the goal is to construct the better argument. 
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Negotiating the Status of Knowledge in Teacher-Student Talk 
When teachers talk to one or a group of students it is often an important goal to make the 
students articulate their understandings so that he or she is able to guide them in their 
knowledge construction. However, it is not always the case that the students want to 
participate on these terms. It might be the case that the students are pursuing different goals. 
To develop the student’s scientific ways of thinking and arguing is therefore very complicated 
for the teacher. In the following extract it is noticeable that the students are resisting the 
teacher’s goals. 
An interesting aspect of this piece of talk is that the students seem to use very 
sophisticated ways of arguing. A distinction between for example cognitive states and reality 
is mobilized to deal with the normative assumptions of educational discourse. In this sense the 
students use these categories to deal with accountability – as a way of arguing that they are in 
fact complying with the official rules and norms of the institution, even though the teacher 
might disagree. As such, it is the norms and rules themselves that are at stake in this extract.  
In this extract the teacher is asking group 2 about their views on a particular issue. She 
is establishing an understanding of their initial problem of inquiry, and she is trying to make 
the students understand that they have to substantiate their opinions. She is doing this through 
a sequence of actions, the significance of which the students does not necessarily seem to 
grasp. 
Extract 2 [T:Teacher, S:Sharon, P: Paul]  
1. T:   Yes but you have to try to substantiate your views 
2. S:   We have done it. We did it a while ago. 
3. T:   Yes but substantiate them more 
4. S:   No [commenting something happening on screen] 
5. P:   OK 
6. S:   Fine 
7. T:   But what was your problem of inquiry? 
8. P:   How does food affect us. No genetically modified food. 
9. T:   OK (.) Do you support it or don’t you support eh 
10. P:  We support it. 
11. S:  Support 
12. T:  Ok what are the advantages? 
13. P:    It becomes more nutritious and you can change its’ colour and  
14.  it’ll get bigger, taste and 
15. S:  more 
16. T:  more food yes but 
17. S:  and we have found that 
18. T:  but the others have lots of arguments against it haven’t they 
19. S:    They have almost nothing. It is us who send them stuff all the  
20.  time. We send articles, we send our opinions, we send all kinds  
21. of  stuff 
22. P:  they don’t send shit 
23. S:    they haven’t answered, oh my god 
24. T:    But (.) is it a fact that genetically modified tomatoes affect  
25  our genes if we eat them? 
26. S:  [shaking head] 
27. P:  We don’t know that. 
28. T:  Are you sure? 
29. S:    Ok they said it because it was in an article that we read you  
30  know. It said that it did not cause any harm.   
31. P:  Yes that is true 
32. T  If we say that, would you say that it was taken for granted  
33.  that it doesn’t affect anything. 
34. S:  We don’t know that for sure 
35. T:  No but you know 
36. S:  No but that is because there hasn’t been done enough research  
37. on  it. 
38. T:    because you do react (.) you have certain, it has to fulfil  
39.  certain conditions for you to support it hasn’t it. 
40. S:  [Nods] 
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41. T:  Could you incorporate that? 
42.     … [long pause] 
43. T:  Do you see that you can substantiate it further? 
44. S:  Yes. 
In the first six lines the teacher is instructing the students to find further arguments that can 
support their claims. The students take a defensive stance saying that they already have done 
their task properly. Then the teacher just reiterates the instruction saying that they have to 
substantiate them further. At this point she is doing this without checking whether the 
students actually understand what substantiating your views entails. The students comply with 
the teacher’s instruction. However, the teacher display dissatisfaction with their answer, and 
asks a direct question in line 12 in order to get the students to articulate their views. However, 
before she does this, she asks a question (line 7) to establish a mutual understanding of their 
problem of inquiry. Then she determines their stance on the contentious issue that is the 
object of discussion between the different groups (line 9). After a common understanding of 
their problem is established, for all practical purposes, she elicits their arguments in favour of 
genetically modified food. The students present a list of arguments or statements in favour of 
genetically modified food without providing any evidence for their claims. The teacher’s 
utterance in line 18 displays that these claims are not treated as adequate. This is signalled in 
part by the use of the discourse marker ‘but’. She formulates this criticism indirectly by 
asking whether the other group has counter arguments, thereby implying that the members of 
this group need to explain how they argued against the other group’s claims. By stating it in 
such an indirect manner, she gives the students a possibility to come up with these arguments 
themselves, instead of just responding to the teacher’s explicit request. 
The use of the phrase ‘haven’t they’ give the students the chance to take control of the 
further development of the discourse. By doing it in this manner she offers the students’ an 
opportunity to save face in light of a possible delicate situation where a critique of their 
problem solving strategies is at stake. The students do not have to respond to an explicit 
request, something that they might perceive as a test of whether they have done their task 
properly. By doing it in this manner, the teacher enables the students themselves to make the 
necessary inference. 
However, the most interesting features of this extract happen after this potential 
criticism of the students’ arguments. Instead of responding to the opportunity given to them 
by the teacher, the students’ employ a defensive strategy using a powerful piece of defensive 
rhetoric. They blame the other group for the fact that the collaborative endeavour is not 
working properly. By describing the other group as not fulfilling their obligations, they are 
countering their possible blame and responsibility for the situation that has occurred. In the 
lines 19, 20 and 21 S uses an extreme case formulation and a three part list to make this point 
explicit. The use of an extreme case formulation and a list constitutes the incident as a 
recurring pattern in their collaborative endeavour (Potter, 1996). The other group is not there 
to dispute this account, and it is therefore difficult for the teacher to disagree because she does 
not at this point have direct access to knowledge about how the actual communication 
between the groups have proceeded.  
To be in a position to disagree would involve a lot of work on the part of the teacher, 
in for example asking more questions, examining the messages produced using FLE2 and so 
forth. At this point this would seem to be unproductive in relation to what she is trying to 
accomplish, which is to challenge the students to develop their arguments and understanding 
of a particular topic. Therefore she adopts a different strategy. 
Instead of pursuing this issue further, which does not seem to be very productive, the 
teacher challenges the students to come up with arguments in a much more direct fashion in 
line 24 and 25. She does this by making a claim which is formulated as a question. The 
Black Yellow Magenta Cyan
ITU_no19_DOCTA_trykk.pdf    10/06/03 09:51:06          Page 104    Managing Institutional Concerns in Collaborative Learning  105 
Paper presented at the 10
th Earli Conference, August 26-30, 2003, Padova, Italy. Work in Progress. 
9
students’ response to this challenge is very interesting, in the sense that a certain version of 
science is mobilized to manage the teacher’s challenge. This version of science is embedded 
within an argument about their lack of knowledge. The students’ are still using an evasive 
strategy, in the sense that they do not seem to want to comply with the teacher’s goals. Instead 
they continue the previous line of argumentation stating that they have done their task 
properly and that they are not to blame if the teacher would criticize their work. To 
accomplish this they mobilize a notion of science where absolute truth regarding a certain 
description or account of some phenomena cannot be determined, and by the same token, 
argumentation is impossible. When the teacher displays that she does not seem satisfied with 
this account, the students’ invoke external support for the claim that genetically modified food 
is harmless. Note that they do not describe the accurate details of this article, the person who 
stated the claim and so on. The reason for this might of course be that they do not remember 
the accurate details of the article. However, doing it in this manner also has certain rhetorical 
affordances. The use of such a vague formulation makes it more difficult for the teacher to pin 
down the details of the argument and to check the article to see whether the students are being 
truthful to the sources that they invoke. Using such a formulation therefore makes sense as 
part of the rhetorical organisation of the discourse.  
In spite of this the teacher does not seem to be convinced by their argument. This is 
made visible in lines 32 and 33. Again the students argue that they are in no position to 
determine that for sure, and again the teacher signals dissatisfaction with this account, but 
before she can finish her statement, the students’ invoke another version of science. This 
version can be described as a version of science where scientific knowledge develops towards 
greater truth and factuality. One reason for the lack of knowledge regarding how genetically 
modified food affect peoples’ health, is because it has not been done enough research on the 
effects of such food. However, this piece of talk ends with what we can call a kind of passive 
acknowledgement of the teachers’ reiteration of the task. There is no evidence for the fact that 
the students actually have understood what the teacher was trying to convey to them, that is, 
to give evidence and support to claims about the topic that they where discussing. The teacher 
asks them whether they understand that they can substantiate their views further, and the 
students’ agree without any further comments.  
What I have tried to show through my analysis of this piece of talk is the ways that 
notions of scientific knowledge as well as notions of cognition are mobilized as part of the 
rhetorical organisation of the talk. It is mobilized to make the arguments convincing and to 
deal with accountability. This implies that their responsibility for solving their problem in a 
certain manner is made relevant in their talk. Through their arguments the students display an 
orientation to these norms and rules, which is that you are supposed to give evidence for your 
claims, but they refuse to comply with these goals by using defensive rhetoric. Therefore, 
even though the teacher might be sensitive to the students’ concerns, there is no guarantee that 
they necessarily want to participate on the terms that are made relevant by certain models of 
collaborative inquiry. 
The Use of Knowledge as Part of Student Essays 
The texts that were submitted as the end product of their work were presented in the form of a 
webpage. This webpage contained among other things scientific accounts of important 
concepts and descriptions of their opinions, claims and arguments. 
The following text is an account of their initial opinions. The text involves a mixture 
of both ethical and scientific arguments, but scientific evidence regarding the effects of 
genetically modified food is treated as a necessary precondition for evaluating ethical issues. 
In this sense they are displaying a concern for the possible problems with their arguments, in 
the way that, if scientific evidence regarding the negative effects of genetically modified food 
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would be established, their arguments would lose their applicability. What is interesting is 
that the list of opinions that is enclosed in this text is an exact copy of a list that was used in a 
message in the FLE environment. The question is whether the significance and the sense of 
these arguments change somehow, because they are enclosed within a different text. In this 
regard, the text that precedes the list of accounts as well as the text that comes after it is 
significant, because it says something about how the opinions should be treated, interpreted 
and evaluated by others – by their teacher in particular.  
Extract 3 
[Group 2] 
Our opinions:
All of us are in favour of genetically modified food and we hope that the 
development will go in a positive direction. We hope that gene food will 
soon be on the market, but we all agree that we need to examine whether it 
is dangerous as well as the effects it has on public health. We do not want 
food that is harmful. 
Reasons for believing that gene food is positive:
x it can help poor countries get more food 
x the food become more nutritious 
x it can grow faster 
x more food, and more people get food 
x food that stays fresh longer, and that looks nice and eatable! (the 
looking nice thing is for the restaurants..they sell more food if it 
looks nice) 
x the food can get bigger in size 
x can taste better 
x
These are some of the reasons why we believe gene food is a good thing. We 
hope of course that more research will be done on genetic modification of 
food, before it enters the market. We all agree that the fear of gene food 
is very much exaggerated. There is a lot of bullshit in the media, and this 
leads people to be negative and sceptical towards gene food before they 
have got any information about the positive aspects. Therefore we mean that 
one should be positive and open to the possibilities that gene technology 
entails. 
The future is unique!!!=) 
What strikes me as interesting here is the use of disclaimers to counter possible criticism of 
these opinions. To accomplish this they invoke the notion of research and that there has not 
been done enough research on this topic, which is the same kind of argument that was 
invoked in the conversation with the teacher above. We also find that this group to some 
extent has incorporated the other group’s criticism into their accounts, and by the same token, 
constituted their arguments as more balanced and less vulnerable to criticism.  
Having done that, they invoke another explanation for the scepticism towards 
genetically modified food. They blame the media for people’s negative attitudes to this issue. 
The uses of these accounts set up a different context regarding how their arguments are to be 
treated. Thus, the main concern for the students in this text is to project possible critical 
evaluation by the teacher, and in order to bolster their account they down play the scientistic 
argument used above, not by saying that science cannot arrive at absolute truths, but by saying 
that it is necessary to carry out more research in order to establish the truth. 
Conclusion 
Having contrasted these situations where different notions of scientific knowledge are 
invoked, it is necessary to account for possible reasons why they are invoked in this particular 
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way and the work that they do in these different contexts. In the first example the context was 
that of an argumentation over a specific contentious issue about the effects of genetically 
modified food. In the second a context was mutually set up by the participants involving the 
possible criticism of the students’ work in relation to their responsibility to the task. In the 
third the relevant context was a prospective evaluation by the teacher. 
In the first example scientific knowledge and the nature of scientific knowledge was 
invoked to argue against a claim. In the second and third, it was invoked to deal with potential 
blame and responsibility. In the second they were exonerating their blame for not having done 
their task adequately, and in the third, they were concerned with constituting their arguments 
as being reasonable and well founded. 
In the first situation invoking an empiricist account of science constitute their account 
as valid because it is independent of their own agency. In the second and third situation, 
where their agency is very much at stake, describing science as a fallible enterprise that 
cannot arrive at an objective truth, enable them to exonerate their responsibility and to save 
face in the light of possible criticism. However, their agency is at stake in different ways. In 
the second they are responsible for constructing arguments that are well founded, and they 
downplay their agency, in order to exonerate this potential blaming. In the third, on the other 
hand, they themselves take credit for the text, that is, their agency and responsibility are 
emphasized, and they use different strategies to make the text robust against a negative 
evaluation by the teacher.  
The point that I have been trying to make throughout the paper is that scientific 
discourse cannot in any simple sense be treated as a reflection of what the students’ think or 
understand. Hopefully I have managed to show that scientific knowledge is a flexible resource 
that can be mobilized in order to do a whole range of different things, depending on the local 
argumentative context in which particular versions of scientific method, arguments, 
descriptions or categories are invoked. What is more, reproducing knowledge might be a 
powerful resource in this regard. 
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S. LUDVIGSEN & A. MØRCH 
CATEGORISATION IN KNOWLEDGE BUILDING 
Task specific argumentation in a co-located CSCL environment 
Abstract. In this paper we explore how students talk and reason when they are exposed to a set of 
categories taken from scientific discourse. The scientific categories are built into a web-based discussion 
forum (FLE2) as part of a pedagogical and technological design. The scientific categories are based on 
the concepts of the progressive inquiry model for knowledge building. Sociocultural theory, with a focus 
on concepts like categories and prompting, is our theoretical framework. In the DoCTA NSS project we 
have used the progressive inquiry model to explore how the students use categories to collaboratively 
develop new understanding of a specific knowledge domain. Based on the theoretical framework and an 
empirical example, we argue that the progressive inquiry model – in its conceptual form – is too 
rationalistic for student knowledge building. We found that student knowledge building is task-specific 
and local oriented, rather than aimed at conceptual artefacts.   
1. INTRODUCTION 
Design experiments in different knowledge domains have been focused on how 
learning environment could be designed to promote conceptual development beyond 
procedures and rules (Brown, 1992; Anderson, Holland, and Palincsar, 1997; 
Greeno and Goldman, 1998, Abbas et al. 2001). In many of these studies the authors 
have been able to show positive results, but they have also identified shortcomings, 
such as fact-finding patterns (Hakkarainen and Palonen, 2002). An important finding 
is that students need to be prompted to articulate their conceptual understanding. 
The need for teacher intervention for creating conditions for the advancement to 
conceptual talk is also well documented (Hakkarainen, Lipponen and Järvelä, 2002).  
One important aspect of prompting that we explore in this paper is to use 
categories as “guiding principles” for the understanding-making process. Computer 
systems provide means for implementing such guiding principles, for example, as 
“sentence openers” built into the systems.  
Design experiments can be seen as intervention in the educational practice since 
the researchers, in collaboration with teachers, try to change the way the students 
work. These shifts often presuppose a change in participation structures and how 
agency and division of labour are distributed between the teacher and the students. 
One aspect of this change is epistemological. By epistemological change we mean 
how the teachers and students think about the knowledge construction process. Their 
perception of this process has impact on what kind of participation structures will 
develop (Stenning, et al. in press; Hakkarainen, Lipponen and Järvelä, 2001).  
From a sociocultural perspective on learning, the notion of activity is seen as the 
basic concept for design and analysis. The participants in an activity are connected 
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to each other by their involvement in talk and action with the teacher and their 
fellow students. The activity is mediated by the use of scaffolds inscribed in the 
computational environment. The goal of this paper is to understand the relation 
between students’ activities when solving specific tasks and their use of categories 
during the problem solving process. We address the following research questions in 
this context: 1) how do the categories become part of students’ activities, and 2) 
what meanings did the students attribute to the categories. 
The research context where we explore these questions is a design experiment 
with ninth-graders in Oslo and Bergen in Norway. The knowledge domain is 
biotechnology, with an emphasis on ethical issues.  
This paper is organized as follows. In the first section we will give a brief 
overview of our theoretical position regarding the relation between learning 
activities and our understanding of the use of categories. In the second section we 
describe the learning environment and the design experiment. In the empirical 
section we give a few examples on how the students perceived and used the 
categories. In the final discussion we elaborate our findings and theoretical position.   
2. SOCIOCULTURAL PERSPECTIVES ON PROMPTING, CATEGORISATION 
AND KNOWLEDGE BUILDING 
Categories are important assets in all human activity, and learning how to classify 
events, things and activities is part of the process of creating social order (Sacks, 
1992; Garfinkel, 1967; for recent review see Mäkitalo 2002, Mäkitalo and Säljö, 
2002). By sorting things out we are able to cope with complexity and maintain a 
measure of social order in our private and professional lives (Bowker and Star, 
1999).  This is a historical process initiated by individuals in specific activities (e.g. 
personal concerns), but when generalized, the resulting categories may serve as 
governing parts of institutional activities (e.g. laws).  
 In this paper we address a specific aspect of categorisation, namely prompting 
categories. In computer systems it is possible to build these in as “sentence openers” 
or scaffolds in the systems, which the students then can use in their interaction with 
the learning environment.  
There are different approaches to understanding categorisation. One of the 
approaches is to treat categories as external representations, a topic which has also 
been studied in the cognitive sciences (Zhang, 1997). However, the main focus of 
cognitive science is related to how individuals use and develop mental (internal) 
representations. On the other hand, working with external representations is 
prominent in CSCL. For example, Suthers and Hundhausen (2002) have extended 
the cognitive science perspective by looking at the use of external representations in 
collaborative activities. However, the cognitive processes remain as unit of analysis, 
leaving the social and institutional aspects unaccounted. Our interest is how students 
use and understand categories in problem solving and collaboration, as activity 
situated in a social practice. Categories in educational settings are not empty vessels 
to be filled with content (as the name may imply), but come loaded with history and 
politics (Suchman, 1994; Mäkitalo and Säljö, 2002). Categories have evolved over 
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time and can be seen as part of what Bowker and Star (1999) label categorical work.  
2.1. Progressive inquiry and knowledge building   
Our understanding of progressive inquiry and knowledge building has taken the 
Future Learning Environment 2 (FLE2) as a starting point (Muukkonen et al., 1999). 
FLE2 is an online discussion forum with built-in posting categories implemented 
according to the progressive inquiry (PI) model. The progressive inquiry model 
includes the following aspects of inquiry: generating (initially fuzzy) questions, 
creating personal working theories, collaboratively evaluating and redirecting the 
inquiry, searching for deepening knowledge by consulting more capable peers and 
teachers, finding reference information in online resources, generating subordinate 
and refined questions and producing elaborated explanations and shared theories for 
the whole learning community.   
Hakkarainen, Lipponen and Järvelä (2001) argue that there are two primary 
sources for the PI model: philosophy of science and cognitive science, or in their 
own words “...the knowledge seeking inquiry starts from an agent’s cognitive or 
epistemic goal that arises out of his or her dissatisfaction with the present state of 
knowledge.” (p. 131). There are clear differences between the notion of knowledge 
in the philosophy of science and in the cognitive sciences, especially in that the 
former tends to objectify knowledge whereas the latter tends to personalize it (i.e. as 
mental states). However, they do have in common a focus on problem solving, i.e. 
that a problem and its associated set of questions drive a knowledge-building 
process aimed at solving the problem. This includes finding new and innovative 
questions to reframe a problem and to restart the knowledge-building process when 
it has reached a temporary impasse.  
From a cognitive science perspective the relevance of questioning is to establish 
a goal for a problem-solving process. This implies that the learner’s cognitive goals 
are the driving force in the knowledge-seeking process. On the other hand, when 
knowledge seeking is driven by questions, it is finding different ways of answering 
them that become important for the quality of learning. This includes how to 
problematise (Stenning et al., in press), how to deal with multiple and conflicting 
information, and how to construct tentative hypotheses and deepening explanations.   
Objectification means that the basic elements of scientific inquiry (problems, 
tentative theories, critical evaluations) are publicly available (as external 
representations) and open to scrutiny by members of a research community (Popper, 
1972). Sharing is realised simply by the fact that information is publicly available, 
but also indirectly in that information is not associated with any individual owner. It 
is the latter aspect that has been the focus of Popper’s approach to scientific 
knowledge building (Popper, 1968), and he refers to the “ownerless” knowledge 
objects as World 3 objects (Popper, 1972). Examples of World 3 objects are theories 
published in books and stored in libraries, conference papers in proceedings, and 
words in a dictionary. Although these objects have no owners, they originated by the 
efforts of individuals. Bereiter (2002) calls these objects conceptual artefacts.   
The categories of the PI model have their foundation in the scientific schema 
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proposed by Popper, but we cannot expect students to manipulate knowledge objects 
as professional scientists do. Instead, we propose a new schema for student scientific 
knowledge building, Micro Third World (MTW
1) object construction. An MTW 
object is a “localized” Popperian World 3 object. Its World 3 characteristic stems 
from the fact that it is shared (e.g. an external representation) and may have 
originated as a proper World 3 object (i.e. a shared resource stored in a public 
repository). By localized we mean the object is adopted by a community of learners 
and attributed a meaning not assigned to it a priori, but locally constructed in small 
groups. Examples of MTW objects are the problems, theories, and explanations 
produced by students in the science classes we have studied. In the empirical section 
we present concrete examples.  
MTW knowledge is the combination of objectified knowledge stored in public 
repositories and the students’ use of that knowledge in their social activity of 
knowledge building. As such it bears resemblance to categorical work (Bower and 
Star, 1999). Categorical work entwines objective knowledge (shared categories in 
specific knowledge domains) with social activities and politics (Suchman, 1994). In 
our “miniature” society we found tentative evidence of entwining, namely between 
categories of scientific inquiry and student knowledge building and between 
objective knowledge (published resources) and negotiated meaning in small groups.  
The rationale for introducing the progressive inquiry model in our classrooms is 
to increase the awareness and focus on the students’ abilities to practice ‘scientific 
reasoning’, which is necessary for them to develop abstract and theoretical 
knowledge (Donald, 1991). As we have emphasised previously in the paper, the way 
to achieve this is demanding and therefore not part of everyday practice in most 
educational activities.   
The knowledge-building metaphor could be interpreted as a normative model for 
how we should organise students’ work. However, the normative view is transferred 
from a very different institutional setting (scientific reasoning) to a school setting. 
This transformation is not trivial.  
3. DESIGN OF THE LEARNING ENVIRONMENT  
In the DoCTA NSS project (Design and Use of Collaborative Telelearning 
Artefacts, Natural Science Studios) we have adopted the progressive inquiry model 
as a design principle. However, our research goal has not been to replicate any of the 
studies referred to in this tradition (Scardemalia and Bereiter, 1994; Hakkarainen, 
Lipponen and Järvelä, 2001). Instead, a goal has been to explore the design space of 
the model and assess its impact on the students’ actions and use of categories.  
The progressive inquiry model is implemented in FLE2 (Muukkonen, 
Hakkarainen, and Lakkala, 1999). FLE2 is a groupware with a suite of tools to 
support various aspects of distributed collaboration and knowledge building. The 
tool that is most relevant for this study is the knowledge-building forum, a 
discussion board with built-in categories to prefix the postings (Figure 1).  
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Figure 1. Knowledge-building categories in FLE2. 
The students had to select a category each time they posted a message in FLE2. 
In the original system the categories were written in English (see Figure 1). In the 
version we adopted, the categories were translated into Norwegian. The Norwegian 
version is slightly different from the one shown in Figure 1, since we split the 
Deepening Knowledge category into two: Reliable Knowledge and Uncertain 
Knowledge. In the original system there was no distinction between reliable and 
uncertain knowledge.  
In addition to the asynchronous discussion forum capabilities of the knowledge-
building forum, the students had access to Internet tools for sharing resources, 
synchronous collaboration, small-scale simulations (Applets), and newspaper 
resources. The newspaper resources were accessible by a search engine called 
ATEKST, which is a web portal to Norwegian newspapers. It was used when the 
students needed references and citations to back up their arguments.  
The knowledge domain of the learning environment was biotechnology at a level 
appropriate to ninth graders. The curriculum requires the students to have 
knowledge about the ethical issues of this subject. One group of students was 
located in Oslo and the other group in Bergen.  In this study we analyse the students’ 
use of categories based on data from one of the co-located settings.  
The students were expected to produce a web page about biotechnology as the 
final outcome of the session and it should contain information from multiple 
resources and include the local group’s discussions as well as the counter arguments 
produced by the collaborating group at the other school. 
3.1. Methodological issues in design experiments 
The sociocultural theory on learning provides analytic tools for understanding how 
student-learning activities are ‘played out’ in interaction with artefacts, in our case, a 
set of categories implemented in a computer system (Jordan and Henderson, 1995). 
We see the design and the concrete use of a specific learning environment as an 
historical unfolding of events. A design experiment is one type of formative 
intervention in a social practice where the intention is to create new types of 
activities for students to take part in. The design is based on a set of guiding 
principles. We argue that it is important to make a clear distinction between the 
principles behind the design of a learning environment and the way the students 
actually interact with it in an activity (Rasmussen, Krange and Ludvigsen, 2002).  
In the DoCTA NSS study we have collected data by various means, but 
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primarily by video recording classroom activity during the design experiment, which 
lasted two weeks. The activities of two of the groups in Oslo and Bergen have been 
analysed in detail. These groups were followed with two cameras throughout the 
entire period. In addition the students were interviewed and we saved the log files of 
their FLE2 interaction.  In this paper we base our analysis on the part of the data that 
involves students using categories as part of their activities. We have transcribed 
these episodes and give examples in the next section. 
In principle our analysis could proceed in two directions: 1) by following the 
template-based approach that inherits the rationale of the progressive inquiry model, 
and 2) by exposing the localised meaning-making process in the actual use of the 
templates. We argue that a drawback of the template-based approach is that it misses 
important aspects of the situated nature of the students’ learning processes and how 
their activities become socially accountable (Garfinkel, 1967).    
4. EMPIRICAL ANALYSES – TASKS, UNDERSTANDING AND 
CATEGORISATION 
In the following analyses of moment-by-moment interaction data we try to present 
how the students use FLE2’s posting categories during the knowledge-building 
process.
2
In the first excerpt three students have written a contribution that they are about 
to post in FLE2. They discuss which category to choose for the posting. 
1.  Student X: I wonder… reliable knowledge  (interrupted by student Y)  
2.  Student Y: No – it’s not reliable knowledge 
3.   Student X: No!!! 
4.   Student W: Reliable knowledge, sure… 
5.   Student Y: It’s not; it’s not reliable knowledge just because he says so (displaying temper)  
6.   Student W: Then, it’s not reliable knowledge. 
7.   Student Y: It is different when it’s that kind of statement, it’s a kind of study.” 
Student X suggests picking one of the categories (reliable knowledge), but 
student Y disagrees and the rest of the excerpt is a discussion about a segment of 
text (their contribution and how it should be categorised). In segments 5 and 7 
student Y tries to elaborate her argument about why she thinks it is not reliable 
knowledge. Her argument is twofold: it is a special kind of statement and it is a 
study rather than a report of published research. With the help of the categories, the 
student is, to some extent, able to problematise the relation of a segment of text to a 
classification of that text.  
In the next excerpt the students are trying to find relevant information in one of 
the newspapers accessible with ATEKST.  
8.  Teacher: How are you doing here? 
9.   Student Y: Well, we are working …., we have already sent one reliable knowledge! 
10.  Teacher: Have you? – Where did you find reliable knowledge?  
11.  Students (all): In “Atext” 
12.  Teacher: In “Atext”, in what newspaper?  
13.  Student Y: In Aftenposten 
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14.  Teacher: Are you sure it’s reliable knowledge because it’s written in Aftenposten?  
15.  Student W: It’s was a statement from a physician 
16.  Student X: I don’t know 
17.  Student Y: What can we take as reliable knowledge then?  
18.  Teacher: No, I only ask, how sure you can be of information in a newspaper …., is it true because it 
is written in a newspaper?  
19.  Student Y: No. “  
The talk between the teacher and students is a continuation of the discussion 
above (previous excerpt). When the teacher asks where they found the information 
they categorise as reliable knowledge, they refer to a web portal, ATEKST, which is 
connected to a large number of Norwegian newspapers. The teacher asks a question 
that prompts the students to reflect on the kind of resources they can rely on. Their 
answer is concrete, but also embodies a generalisation. When the teacher asks 
whether or not newspaper articles per definition can be said to be reliable resources 
of knowledge, the students answer “No”. The discussion continues by sorting out the 
criteria for assuring resources they find are trustworthy.  
The students generate meaning of the categories in different ways. Again the 
categories trigger a discussion about how to understand the relation between a text 
and its classification. When the students do not agree among themselves, they are 
able to elaborate their justification. This makes the relation between the written text 
and the category more transparent, which creates an important condition for 
knowledge building. By generalising we can say the knowledge-building process 
makes the students aware of the content of their argumentation.  
The teacher’s intervention and the talk that follows stimulate the process of 
problematisation. What level of trustworthiness can be attributed to the resources the 
students find in ATEKST and other places? The students know they should be 
critical of facts and statements presented in newspapers. The teacher’s question thus 
serves as an important part of the knowledge-building process. The question raises 
an awareness of the status of resources by requiring the students to articulate their 
opinions of ways to manipulate the content. When student-student and student-
teacher interactions make use of the categories the way we have presented here, the 
activities can be seen as examples of knowledge-building processes. 
When we see this analysis in relation to previous work (Ludvigsen and Mørch, 
2002) we have reason to believe that students have a pragmatic orientation toward 
the categories. They do not accept the categories as given, that is, neither as intended 
by a system design model nor in the ways they are used by other students. 
Nevertheless, they consider the categories useful, since the categories give them 
prompts that are part of their scaffolding structure. This pragmatic orientation could 
also indicate that the students are more concerned with the overall goal of solving 
the task rather than the actual knowledge-building process itself. If this is the case, 
the findings may indicate mixed patterns, i.e. knowledge-seeking and fact-finding 
patterns intermixed with students talk in a complex way. These indications are 
outside the scope of this paper, but interesting to follow up in futures work. 
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5. DISCUSSION AND CONCLUSIONS 
On one hand, the categories used in the FLE2 learning environment could be 
considered part of a broader scientific discourse. Similarly, the categories of the 
progressive inquiry model could be seen as part of categorisation work, as it applies 
in different disciplines (Bowker and Star, 1999). On the other, the use of scientific 
categories is connected to local meaning production. The students in our study used 
categories – such as Problem, My Working Theory, Reliable Knowledge and 
Uncertain Knowledge – in ways that provide a clear indication that they are able to 
establish a participation pattern that belongs to knowledge building. 
The students’ use of the categories could be interpreted as a kind of categorical 
work (Bowker and Star, 1999). The reasoning of some of the students and the 
student-teacher interaction show that they are able to make their reasoning 
transparent, i.e. to elaborate, problematise and make critical comments. This is 
partly connected to the categories themselves and partly to the teachers’ intervention 
in the process. To a certain extent we can also say that the students make use of 
aspects of the progressive inquiry model in their collaboration (e.g. Arnseth, 
Guribye, Ludvigsen and Wasson, 2002). When it comes to scientific discourse our 
findings indicate that the students’ discourse is not “objective”, but local and task-
oriented. Exposing the students to categories of scientific discourse, and the 
advanced vocabulary that comes with it, does not make scientific practice visible to 
the students. The work that becomes transparent to the students is their own work 
with the categories.   
On the other hand, when the students become socialised and part of a more 
demanding work environment, they again have the opportunity to take part in and 
become experienced with scientific knowledge building. Under specific conditions 
the learning environment could create a new type of agency for the students, which 
implies a different division of labour between teacher and students (Boaler and 
Greeno, 2000; Hakkarainen, Lipponen and Järvelä, 2001). The examples we have 
shown in this paper suggest types of interactions in which students have the 
potential to develop conceptual knowledge, since they are engaged in a conceptual 
type of talk.  Conceptual talk goes beyond regular classroom talk where the focus 
often is on the task. The conceptual level of discourse is not automatically task-
related talk. As argued above, the teacher intervention is of significant importance 
for creating a type of talk where the conceptual resources are used as part of the 
knowledge-building activity.    
We believe that the analysis of the moment-by-moment interaction we have 
presented in this paper gives us a good indication about how the categories of the 
progressive inquiry model actually are used, and how the categories can help to 
support how the students’ deal with specific content (Stahl, 2002). In another study 
(Ludvigsen et al., 2002) we found that it is very difficult to find ways to support the 
content of the students’ work.  
It is important to emphasise that even if the students use the same set of 
categories in their work as professional scientists use, we need to be careful about 
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overgeneralisation. It is tempting to suggest that the scientific categories of the 
progressive inquiry model ‘travel’ in an unidirectional way. However, the students’ 
work is far from a research laboratory, so the categorisation process is constrained 
by the local meaning production in this specific setting. The categories are still 
useful, even if the meaning-making process does not follow a “rationalistic model” 
of conducting science. The categories make the students aware of the systematic
parts of knowledge-building processes. This is important for developing skills such 
as distinguishing different types of knowledge involved in problem solving.  
The theoretical part of this paper has been an argumentation to illustrate that 
student learning should be understood as a type of activity different from scientific 
knowledge building, or as internal cognitive processes. The PI model seems too 
rationalistic in this regard and it does not provide us with analytic lenses focused on 
local meaning production processes. We understand learning as a highly 
institutionalised activity where social accountability is negotiated in the intersection 
between long cycles of activities and moment-by-moment interaction.
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6. NOTES 
1 MTW is not only an abbreviation but also a composition of two words: MTV and 
WWW (World Wide Web). MTV has set a new standard for TV (fast paced, abrupt 
juxtaposition) and the Internet has created a fertile ground for the proliferation of 
MTW objects, since it is so easy for students to locate, copy and reuse information 
published on the WWW.
2 The enumeration is for the organisation of this paper. The two excerpts do not 
follow each other in the data set.
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Extended Abstract: 
It is important that science education in schools and other institutions offers 
the learners relevant tools to investigate and assess the science involved in 
debates on socio-scientific issues. Socio-scientific issues have societal dimen-
sions as they involve a personal, institutional or societal decision to be made. 
By their nature, however, they also have a science dimension. The science 
involved in environmental issues is often still debated within the scientific 
community. This situation constitutes a challenge for those who want to base 
their evaluation, viewpoint and action on evidence and facts. School science 
traditionally focuses on established non-controversial “core concepts” of 
science, leaving the learners with weak tools to deal with real, or perceived, 
expert disagreement and the provisional nature of “frontier” science.  
To arrive at a thoughtful decision a citizen needs several competencies.  The 
decision-maker needs to investigate the environmental issue, in order to gain 
a deeper understanding of the issue and the controversies involved. Based on 
the outcome of this investigation the decision-maker needs to assess the 
information and the scenarios involved with regard to the relevance, credibil-
ity and importance related to his/her own values. In addition s/he needs to be 
able to engage in debates on the issues in order to express views, test out 
arguments and influence the views of antagonists and others. 
The two articles discuss the characteristics of the science and the science-
society interactions involved in socio-scientific issues and examine our cur-
rent knowledge of how students investigate and assess science-related infor-
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mation. In addition a framework for the development of science education 
standards and curriculum aims that provide learners with relevant tools to 
investigate and evaluate the science dimension of socio-scientific issues are 
presents.
Data from the DoCTA NSS project have been used to develop a hypothesis 
related to students’ use of scientific concepts in discussions on issues related 
to socio-scientific controversies. The hypothesis is based on the observation 
that the 15-year-old students involved in the project frequently made use of 
scientific concepts in their argumentation on issues related to gene-
technology. However, closer inspection of the argumentation proved it hard 
to tell whether or not they understood the concepts they were using. More-
over, scientific concepts were only used in sentences describing either a tech-
nological possibility (e.g. “I think the possibility of developing genetically 
modified crops makes it important to inform the consumers if such crops are 
used in a product.”), or sentences stating an issue (e.g. “Should it be legal to 
import genetically modified food?”). Thus it seemed as if these students used 
the scientific concepts not to label areas of scientific knowledge, but to label 
ethical issues and possible consequences of different actions based on tech-
nological possibilities. The students did obviously not find it necessary to 
ensure that they had a common understanding of the underlying science, as 
long as they were able to communicate about the ethical aspects of the issues. 
This observation is in line with findings from qualitative studies on public 
understanding of science where science often is found to “disappear” from 
lay person’s discussion of socio-scientific issues they are involved in. A forth-
coming follow-up analysis of data from the DoCTA NSS project will hope-
fully provide more insight into reasons why students often do not include 
debates on the scientific concepts and arguments in their discussions.  
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4.2  
New Artefacts and Agents 
Agent technology has been used in educational environments for some time 
and a number of agent and multi-agent systems have been designed specifi-
cally for educational purposes. Pedagogical agents play many different roles 
such as tutors (Johnson, et al. 2000), coaches (Constantino-Gonzalez & 
Suthers, 2001), critics (Fischer, et. al, 1991) and co-learners (Dillenbourg, et. 
al., 1997). Another role for agent is that of a facilitator (Wasson, 1999; Chen 
& Wasson, 2003, Baggetun & Dragsnes, 2003). For example in a collaborative 
learning environment where users are geographically distributed and col-
laborate through a web-based learning environment, an agent can facilitate 
various collaboration processes, such as coordination, teacher intervention, 
and group interaction.
Pedagogical agents are software agents designed to assist in the educational 
process in a variety of domains. Pedagogical agents have demonstrated many 
capabilities such as the application of learning theories, adaptation of their 
behaviour to both the environment and the students, offering opportunistic 
instruction or hints, and supporting collaborative learning. As an example, a 
study of a plant biology tutoring agent (Johnson, et. al, 2000) revealed that 
lifelike, personalized agents were perceived as being very 'helpful, credible 
and entertaining' and that agents that can offer a range of levels of advice can 
increase learning performance in students. 
In collaborative learning in a distributed setting, pedagogical agents can play 
the role of a facilitator to support various collaboration processes. This role 
requires observation of the student-student interaction. An intensive col-
laboration, however, which includes a relatively large number of messages or 
interactions, makes it difficult to follow. It is always time and effort consum-
ing to analyze the collaboration, detect problems and give useful advice to 
regulate the collaboration. Several agent systems have been developed to 
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solve this problem (e.g., Ayala & Yano, 1996; Constantino-Gonzalez & 
Suthers, 2001). Unlike pedagogical agents of many intelligent tutoring sys-
tems where agents constantly require the student’s attention, the facilitator 
agents of collaborative learning in distributed environments work in the 
background and provide feedback that can be ignored if it is considered of 
low priority. This will make the agent less intrusive so that the students can 
concentrate on their collaboration. Integrating pedagogical agents with exist-
ing collaborative learning environments is a challenge, especially when the 
environments are not open-sourced. There are several technical problems to 
solve, including how to communicate with existing environments and how to 
make full use of the modules in existing environments. 
In the pedagogical agents group in DoCTA NSS, we have identified a wide 
range of design issues for pedagogical agents in distributed collaborative 
learning. Based on theory and empirical findings (Jondahl & Mørch, 2001; 
Mørch, Dolonen & Omdahl, 2003) we have developed pedagogical agents for 
both asynchronous (Chen & Wasson, 2003; Dolonen, Chen, Mørch, 2003) 
and synchronous (Dragsnes, Chen & Baggetun, 2002; Baggetun & Dragsnes, 
2003) collaborative learning environments. 
In the Mørch, Dolonen and Omdahl paper, they report that in the first field 
trial using FLE2 they found that students had difficulty choosing knowledge 
building categories when posting notes in the FLE knowledge-building fo-
rum. In one group, 12% of the postings were “incorrectly” categorized and in 
the other group, 25%. Overall, the use of categories was evenly distributed 
among the category set, but the category most frequently chosen was “Com-
ment”. The data indicate that students were primarily employing knowledge 
building (62%), but meta-commenting (25%) and social talk (17%) occurred 
as well. 
In order to lessen the problems associated with selecting knowledge building 
categories, we have implemented a pedagogical agent that can observe the 
collaboration process, analyze the information collected and provide the 
Black Yellow Magenta Cyan
ITU_no19_DOCTA_trykk.pdf    10/06/03 09:51:07          Page 126    Assessing the Science Dimension of Environmental and Health-related Issues in Science Education  127 
students with assistance on the collaboration and knowledge-building proc-
esses. The Chen and Wasson and Dolonen, Chen and Mørch papers describe 
this agent. The role of the agent is to monitor the knowledge-building forum 
and present feedback to the students. When monitoring the process, the 
agent system gathers statistical information of the user activity and stores it 
in a database. This information is analyzed according to a set of rules and 
presented to the students in the Fle user interface.  
Baggetun and Dragsnes describe in their paper, an agent that we have de-
signed and developed in the MindMap building environment (Dragsnes, in 
press) where agents support collaborative MindMap building (Baggetun & 
Dragsnes, 2003). In this synchronous collaboration environment, the agent 
observes the interactions and intervenes when it finds necessary. The mes-
sages from the agent are presented in a non-obtrusive way so that the stu-
dents can concentrate on the collaboration. 
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Abstract: We have implemented a pedagogical agent system for FLE (Future Learning
Environment) based on findings from a field trial with two 9
th grade school classes in
Norway. The findings indicate that students have difficulties choosing knowledge-
building categories when posting notes in the FLE discussion forum. We identified three
types of postings: Knowledge building proper, comments on the process (meta-
commenting) and social talk. A goal has been to “off-load” some of the meta-commenting
onto the computer and to provide advice regarding which knowledge-building category
to choose for a new posting based on the notes that have already been posted. The agent
system is implemented in Java and integrated with FLE (an open source system). It reads
knowledge-building information from a database, analyzes it according to a set of rules,
and presents the results back to the students in the FLE user interface. The lessons learned
are that it is possible to take advantage of statistical information in distributed
collaborative learning environments and that categories taken from expert performance
(scientific discourse) can be useful as scaffolding in a weakly structured knowledge
domain (science discussion in schools).
Introduction
Knowledge building (Scardemalia & Bereiter, 1994) and its subsequent refinement Progressive Inquiry
(Hakkarainen, Lipponen & Järvelä 2002) have received considerable attention in the CSCL (Computer
Supported Collaborative Learning) community. The two models have been successfully implemented in
selected schools in Canada and Finland, respectively.
In its basic form knowledge building (KB) is about raising questions that will trigger prolonged
discussions. When successful the discussions will clarify the questions and provide scientific explanations of
some phenomena under study. More formally, the questions are followed by alternative answers (working
theories) which are argued for or against by referencing scientific explanations. This pedagogical model allows
for the progression of student inquiry toward a scientific explanation that can be shared by a community of
learners.
A weakness of the approach is that it tends to favour students who are good at collaboration and
conceptual reasoning, particularly high achieving female students (Hakkarainen & Palonen, 2003). Less
motivated students may need to be encouraged by teachers or stimulated by other means to successfully
participate. Nevertheless, knowledge-building environments identify an important niche in the spectrum of
learning technologies, a niche we believe can be further expanded. Towards that end we (our colleagues and
ourselves) have experimented with various kinds of virtual learning environments in different educational
settings. A specific goal has been to augment knowledge-building environments with new kinds of computer
support. The present paper is one such attempt: integrating a software agent with a distributed collaborative
learning environment to facilitate the students’ collaboration and knowledge-building processes.
Background
CSCL emerged as a field during the last decade and has been described as a new paradigm in
educational technology (Koschmann, 1996). CSCL focuses on technology in its role as mediator of activity
within a collaborative setting of instruction and learning and has inherited its intellectual legacy from
theoretical schools in the social sciences, in particular from sociology, anthropology, linguistics, and
communication (Koschmann, 1996). Knowledge, from this perspective, is seen as a human construction
elaborated through communication and collaboration with peers, mediated by social and cultural artefacts (e.g.
language, technology), implying that learning and knowledge building first of all occur on inter-personal
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grounds within a community of learners before occurring on the intra-personal realm of the individual learner
(Vygotsky, 1978).
A pedagogical model developed within this perspective is Knowledge Building (Scardemalia &
Bereiter, 1994). Knowledge building requires that new knowledge is not simply assimilated with the help of a
more knowledgeable person, but also jointly constructed through solving problems with peers by a process of
building shared understanding. Knowledge building and its subsequent refinement, Progressive Inquiry
(Hakkarainen, Lipponen, & Järvelä 2002), have received considerable attention in the CSCL community. A
reason for this is that it fits well with the educational philosophy instituted by many schools in Scandinavia
and Canada (problem-based learning), as well as elsewhere in the world. The basic idea is that students gain a
deeper understanding of a knowledge domain by engaging in a research-like process in the domain by
generating their own problems, proposing tentative hypotheses and searching for deepening knowledge
collaboratively.
FLE (Future Learning Environment) is an open-source learning environment developed at the
University of Art and Design Helsinki (http://fle3.uiah.fi/) in accordance with the progressive inquiry model. It
is an asynchronous, web-based groupware for computer-supported collaborative learning (Leinonen, 2003). It is
designed to support collaborative learning in the form of a discussion forum with message categories
(knowledge types) named after the stages of the progressive inquiry model. Figure 1 shows the writer and reader
interfaces of the knowledge-building module of Fle2.
Figure 1: Future Learning Environment (Knowledge Building forum of Fle2): The leftmost window shows the
writer’s interface and the rightmost window the reader’s interface.
Software agents for educational systems have been around for some time. The “first wave” of agent-
like systems included tutors (Anderson et al., 1987), coaches (Burton & Brown, 1982; Selker, 1994), and
critics (Fisher et al., 1991). They are known for their focus on individual learning and performance support in
well-defined knowledge domains. More recently a “second wave” of educational agents has been proposed,
characterized by their focus on interactive learning. We refer to them as pedagogical agents (Chen & Wassson,
2002; Dragsnes, Chen & Baggetun 2002; Jondahl & Mørch, 2002). We have adopted a notion of pedagogical
agents originally proposed by Johnson, Rickel and Lester (2000), but slightly revised for our purpose. Johnson
et al. define pedagogical agents as autonomous and/or interface agents that support human learning by
interacting with students in the context of an interactive learning environment.
We see a new role for pedagogical agents as a facilitator of collaborative learning processes,
scaffolding actions and activities in a distributed learning environment (Wasson, 1998). This is possible even
though the agents do not have a detailed model of the knowledge domain, or a presentation style simulating
human body language. Although this has been a trend of previous research (e.g. Johnson, Rickel & Lester,
2000), Constantino-Gonzalez and Suthers (2001) have found that reasonable collaboration advice from a virtual
coach could be generated without the need for expert solutions or discourse understanding. By operating on the
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shared state of a groupware environment, the agents can observe who is logged on, who communicates with
others, what objects they act upon, how much of a given task has been completed, etc. In this paper we address
how pedagogical agents can assist students with collaboration and knowledge building in the context of the
FLE environment.
The Study
The study consists of a two-week pilot study (spring 2001) and a four-week trial (fall 2002). Four 9
th
grade school classes in Norway took part (approx. 100 students). Natural science was chosen as the knowledge
domain because it fits well with the problem-based and collaborative-learning philosophy underlying
knowledge building and progressive inquiry. Both teachers and students were familiar with this philosophy.
The topics covered in class ranged from the structure of the DNA molecule to the ethical implications of
encouraging/discouraging genetically modified food. The participants had not used FLE before, but they were
familiar with basic communication tools such email and chat. Figure 2 shows the setting in one of the schools.
Figure 2: The computer lab in one of the schools, with research assistants helping students
Each of the two classes was divided into groups of three to four students, with students randomly
assigned to groups (each group had mixed sex). Each group had one computer at their disposal and was linked
with a corresponding group at the other school via the Internet. We videotaped one group at each site for the
entire period. The data set consists of digital video, screen snapshots, FLE data logs, interviews, and
observation notes.
The basic controversies of the field served as triggers for knowledge building. After watching a 15-
minute video on biotechnology previously broadcast on national TV, the students started formulating questions
such as: Can an animal heart replace a human heart inside a human body? Can a Muslim receive a pig’s heart
during a transplant? Is it dangerous to eat genetically modified food? These questions were later entered into
FLE to initiate a knowledge-building session with students from the other school.
The students were required to choose a knowledge type each time they posted a message in the
knowledge-building forum of FLE. Table 1 shows the category sets provided with Fle2 and Fle3. “Problem”
was the default category. In the original version of Fle2 the categories were written in English, but in the
version we adopted in the pilot they were first translated into Norwegian. The Norwegian version is slightly
different from the one shown below, since we split Deepening Knowledge into two categories: Reliable
Knowledge and Uncertain Knowledge. In the original system there was no distinction between reliable and
uncertain knowledge.
Fle2 Fle3 Intent
Problem Problem Identify problem or research question
My Working Theory My Explanation Personal hypothesis to address the problem
Deepening Knowledge Scientific Explanation Argue for hypothesis by finding pros and cons
Meta-comment Evaluation of the process Problematize the knowledge-building process
Comment Comment Comment on someone’s previous posting
Summary Summary Summarise the knowledge-building activity
Table 1: Knowledge-building categories in FLE
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Findings
Although the initial questions were well formulated and easily entered into FLE, responding to them
by classifying the answer by knowledge type was more difficult. In particular, the students had difficulty
distinguishing between My Working Theory, Summary and Deepening Knowledge (Reliable Knowledge,
Uncertain Knowledge). However, this did not prevent the students from posting notes. The data below is from
a videotaped interview with one of the students. When asked about the usefulness of the FLE categories, he
said:
“It was kind of smart! Because you can see what it [the message] is about. That’s Reliable
Knowledge and that’s a Summary [pointing to two KB notes on the screen]. You know
immediately what it is.”
However, when later asked to demonstrate his understanding of the difference between a “My Working
Theory” note (MWT) and a “Summary” note he says:
“… if we had sent this to them [pointing to a note he has labelled MWT] and you ask what it is
supposed to mean - is it a comment or is it a summary, right? But you recognize it first by its
small [category abbreviation] … oh -it is a summary after all, okay!”.
Although the student had posted the message as MWT, he now understood it as Summary. The intent
behind the design of FLE is that messages should be categorized according to the knowledge type of their
content (Muukkonen, Hakkarainen & Lakkala, 1999). It is easier for others to know what a message is about
when they are reminded of its knowledge–building category. This can help the students create an overview of
the knowledge-building activity as it unfolds. However, posting messages “correctly” is a demanding task,
much more demanding than recognizing their labels in the knowledge-building forum.
We have performed a two-pass analysis of the FLE notes to crosscheck the interview data. First, we
matched the content of each posting with all the knowledge-building categories to find the best match
1. In one
group, 12% of the postings were “incorrectly” categorized and in the other group, 25%. Overall, the use of
categories was evenly distributed among the category set, but the category most frequently chosen was
“Comment”. We found no indication that the default category “Problem” was chosen more often than the
others, even though this behaviour has been reported in previous studies on collaboration systems among
novice users. In other words, the students seemed to be deliberate in their choice of knowledge-building
categories, although they were sometimes choosing the “wrong” category. An example of a “wrong” choice is
the following message:
“Before we can begin we need to decide whether we should be for or against
genetically modified food?”
This message was posted as an MWT (My Working Theory) note rather than a Meta-comment
(comment on the process). This illustrates the difficulty of choosing proper posting categories. An analysis of
two category/content situations is described in more detail in a companion paper (Ludvigsen & Mørch, 2003).
During the second round we coded the postings according to discourse genre to see if the students were
in fact employing knowledge building, or performing another activity such as socializing. We selected the
following three genres as the coding scheme: knowledge-building proper (KB), meta-commenting (MC), and
social talk (ST). For each note we identified its content (message body) as belonging to one of the three genres.
In those cases where there were two or more genres present in the same posting, we coded it as KB (if present)
or alternatively MC (if present). In those cases where there was no clear match, it was coded as ST. The coding
scheme is a variation of a scheme proposed by Svensson (2002). He identified Query, Feedback and Smalltalk
as three types of postings that commonly occur in web-based discussion forums. Svensson calls these meta-
categories genres to denote discourse patterns that capture both formal and informal information exchange
(Svensson, 2002).
An overview of the findings is displayed in Table 2. The data is from the pilot study and shows the
students were primarily employing knowledge building (62%), but meta-commenting (25%) and social talk
(17%) occurred as well. This was not surprising because it was the students’ first encounter with knowledge
[1] A research assistant did the category/content matching.
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building. However, we did not expect the high number of meta-comments. We found this to be a double-edged
sword. On the one hand, when it works according to intent, it can lead to improved problematizing
(formulating learning objectives, restructuring the task, etc.). On the other, when applied without reflection, it
can easily lead to unproductive social talk (extended informal chatting, uncompleted arguments, etc.), since the
commenting categories (Comment, Meta-comment) invite many interpretations.
Table 2: One the left: Knowledge-building thread in FLE with notes coded according to Knowledge Building
proper (KB), Meta commenting (MC), and Social talk (ST). On the right: The postings of the pilot group.
Implementing a Pedagogical Agent
The progressive inquiry process in FLE is dependent on the use of the knowledge-building categories,
but for a student it can be difficult to understand how to use these categories correctly. Furthermore,
collaborating with peers is important for the knowledge-building process to succeed. Although the messages are
organized around a set of shared principles, it takes time and effort to understand these principles, analyse the
collaboration as it unfolds, and participate constructively in the knowledge-building process. In order to lessen
these problems, we have implemented a pedagogical agent that can observe the collaboration process, analyse
the information collected and provide the students with assistance on the collaboration and knowledge-building
processes. The role of the agent is to monitor the knowledge-building forum and present feedback to the
students. When monitoring the process, the agent system gathers statistical information of the user activity and
stores it in a database. In FLE, the main activity is to post messages according to knowledge-building
categories. Therefore, the information collected and stored by the agent system includes the structural properties
of the messages posted by the students. The basic components of the system architecture are shown in Figure 3.
Figure 3: Student Assistant (SA) agent system architecture
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By querying the database, the agent system gets statistical information about the collaboration process.
For example, how many notes have been posted in each category? How many notes has a certain student
posted? How often does a certain student post notes? How many notes has each student posted in a certain
category? This information is processed in several stages before it is presented back to the students. It includes
the FLE knowledge-building module (posting of notes), database (where the postings are stored), rule-based
analysis engine (where trigger counts are computed), and advice generation (where messages to be presented to
students are selected).
Based on the statistical information gathered in the database, the agent can provide advice directly to
the students. Examples of advice (messages presented in the user interface of FLE
2) are:
1. “You have posted many more messages than the others. Make sure you do not dominate the
discussion and prevent others from participating.”
2. “Several notes have been posted since you were last logged in. Please make an effort to answer
some of them.”
3. “There are many “Problem” postings in the thread. Although a “Problem” can be followed by a
sub-problem, you should try to respond using “My explanation.”
4. “There is a “My explanation” note without any response. You should read that note and try to
respond using a “Comment” or “Scientific explanation”.
The first type of advice is triggered when the corresponding rule’s “measure of participation” exceeds a
predefined threshold value. Counting a student’s number of postings computes this measure. The second type
of advice is computed based on counting the number of postings that have been submitted by others while the
student has been logged off. The third applies when there are more than three consecutive “Problem” notes in
the same thread. Similar rules have been defined for the other knowledge-building categories. The last example
reminds the users that there is a note awaiting a response. When a computed value exceeds a predefined
threshold value (trigger count), advice (a text message) is sent to the FLE user interface and presented in a
separate display window. A screen snapshot of FLE with a message from the SA-agent is shown in Figure 4.
Figure 4: FLE Student Assistant Agent: Messages from the agent are displayed in the window above
the threaded discussion. The last message reads: “There is a ‘My explanation’ note without any response. You
should read that note and try to respond to it with a ‘Comment’ or a ‘Scientific Explanation’.
[
2] This is the category set of Fle3. FLE was upgraded from version 2 to 3 between the time of the pilot study and the
completion of our system building efforts. It continues to reflect the Progressive Inquiry model (see Table 1).
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Related Work
Related work in design and implementation of pedagogical agents includes GRACILE (Ayala & Yano,
1996), EPSILON (Soller, 2001) and Instructional Assistant Agent (Chen & Wasson, 2002).
GRACILE (Japanese GRAmmar Collaborative Intelligent Learning Environment) (Ayala & Yano,
1996) supports the teaching of Japanese language to foreign students in Japan. The system has an intelligent
agent component that assists the students with a collaborative-learning task in a virtual community of practice.
A mediator agent assists the students with tasks that require them to make use of their collaboration potentials
in their interaction with each other. This is founded on a theory of proximal development originally proposed
by Vygotsky (1978).
EPSILON (Soller, 2001) is an intelligent facilitation agent that is integrated in a shared workspace of
object-oriented analyses and design. EPSILON can observe a group’s conversation and dynamically analyse
individual student contributions. The dialog among students is scaffolded by sentence-openers modelled on
speech act theory (justify, assert, encourage, etc.). The EPSILON agent is able to recognize events, such as a
student having completed a critical portion of the task, or a student having failed to discuss his or her actions
with others. When it detects an opportunity to react, the agent might intervene by asking the group to explain
the student’s actions.
The Instructional Assistant (IA) (Chen & Wasson, 2002) is another agent integrated with FLE. The
IA-agent has two roles: 1) observe the distributed collaborative learning process and compute statistical
information for viewing, and 2) detect possible problems in the interaction and present them to the instructor so
that the instructor, if desired, can give feedback to the students. The reason for including the instructor in the
loop is to avoid the situation that the agent’s understanding of the collaboration process precedes human
judgment. This may lead to misinterpretation or misunderstanding among the students. Therefore, the
information is first presented to the instructors and next to the students.
Summary and Conclusions
We have analysed findings from a field trial of collaborative learning with 9
th grade natural science
students geographically dispersed in Norway and supported by an asynchronous learning environment (FLE).
We have integrated an agent with this environment to facilitate aspects of collaboration and knowledge
building, particularly in the level of participation and scientific discourse understanding. The agent acting as a
student assistant can 1) measure degree of participation and 2) suggest what knowledge-building category to
choose for a new posting based on the notes that have already been posted. The lessons learned are that it is
possible to take advantage of statistical information in distributed collaborative-learning environments and
categories taken from expert performance (scientific discourse) can be useful as scaffolding in poorly structured
knowledge domains, such as science discussion in schools. The agent system has not yet been evaluated in a
realistic setting (outside our lab). Current work includes implementing customizable agents (rules that can be
edited and fine-tuned by instructors). Future work includes field-testing pedagogical agents in a longitudinal
study.
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Abstract 
This article presents an instructional assistant agent for 
FLE2, a distributed collaborative learning environment. 
The authors discuss the role of this agent and how it 
supports both the instructor and students in coordinating 
the distributed collaborative knowledge building process. 
They emphasize the supplementary role of the 
instructional agent, which, on the one hand, observes the 
distributed collaborative learning process and computes 
statistics for viewing, and on the other hand, detects 
possible problems and presents them to the instructor so 
that the instructor can give feedback to students in order 
that they themselves can regulate the collaboration. By 
providing advice and learning from feedback, the agent 
gradually improves its performance and build up a trust 
relationship, until a point it reached where the agent is 
allowed to perform actions without confirmation from the 
instructor. With the lessons learned from designing and 
experimenting with the instructional assistant, the authors 
hope to move one step further towards a plug-in agent that 
would be able to fit in any distributed learning 
environments. 
Key Words
Coordination, computer supported collaborative learning 
(CSCL), intelligent agent, knowledge building, machine 
learning
1. Introduction 
Coordination, along with communication, is one main 
component of collaboration. Malone and Crowston [1] 
described coordination theory as a research area focused 
on the interdisciplinary study of how coordination can 
occur in diverse kinds of systems.   
They also proposed an agenda for coordination research 
where “designing new technologies for supporting human 
coordination” is considered to be one of the methodology 
useful in developing coordination theory. In CSCW, to 
understand how computer systems can contribute to 
reducing the complexity of coordination cooperative 
activities has been a major research issue and has been 
investigated by a range of eminent CSCW researchers 
[2][3][4]. In distributed collaborative learning, challenges 
to provide coordination and scaffold effective 
collaboration have been intensively investigated 
[5][6][7][8]. 
In the context of distributed collaborative learning, the 
instructor's role is different from traditional instructor-
centered environments, they are coordinators/facilitators, 
guides, and co-learners. They monitor the collaboration 
activities within a group, detect problems and intervene in 
the collaboration to give advice and learn alongside 
students at the same time.  
The instructor's coordination role in distributed 
collaborative learning depends heavily upon observation 
of the interaction. An intensive collaboration, however, 
which includes a relatively large number of messages or 
interactions, makes it difficult to follow. It is always time 
and effort consuming to analyze the collaboration, detect 
problems and give useful advice to regulate the 
collaboration. This problem has been intensively 
investigated. For example, IDLC [9] developed an Expert 
System Coordinator, GRACILE [10] implements two 
types of intelligent agents, mediator agents and domain 
agents. EPSILON [11] developed a facilitation agent to 
provide pedagogical support to students learning 
collaboratively on-line. Most of these efforts, however, 
have been placed on designing intelligent modules that 
replace the instructor's role in the collaboration. In order 
to obtain this goal, students are restricted to using "semi-
structured" interfaces such as menu-driven or sentence-
openers to collaborate, which restrain the interaction 
channels and slow the communication process. 
Furthermore, the advice generated by these intelligent 
systems is based on its own understanding of the 
collaboration process, which has a high possibility of 
misinterpretation or misunderstanding. As a result, the 
advice might sometimes be inappropriate and confuse the 
* InterMedia and Department of Information Science, 
University of Bergen, P.O. Box 7800, N-5020 Bergen, 
Norway; e-mail: {Weiqin.Chen, barbara.Wasson}@ifi.uib.no
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students. 
While closely related to these and other CSCL 
research efforts, our research has taken a somewhat 
different approach in that we have aimed at developing an 
instructional assistant agent, which, instead of taking the 
place of instructors, acts as a supplement to them. The 
instructional assistant, on one hand, observes the 
distributed collaborative learning process and computes 
statistics for viewing, and on the other hand, detects 
possible problems and presents them to the instructor. The 
instructor, can then, if desired, give feedback to the 
students so that they themselves can regulate the 
collaboration. By providing advice and learning from 
feedback, the agent gradually improves its performance 
and builds up a trust relationship, until a point is reached 
where the agent is allowed to perform actions without the 
confirmation from the instructor. Within the DoCTA-NSS 
project  (http://www.ifi.uib.no/docta) we are developing 
an instructional assistant for FLE2 distributed 
collaborative learning environment (http://fle2.uiah.fi) 
developed by the Media Lab at the University of Helsinki 
in Finland. 
This paper is organized as follows. Following this 
introduction, Section 2 describes briefly the FLE2 
environment and the collaborative knowledge building 
process. Agent design issues are discussed in Section 3. 
Section 4 discusses the role of the instructional assistant 
agent in FLE2 and its implementation and integration 
with FLE2 are discussed in Section 5. Section 6 describes 
a scenario where the instructional assistant agent plays its 
role. Section 7 presents some related work. Section 8 
supplies our conclusion and future plans. 
2. Collaborative knowledge building in 
FLE2
FLE2[12] is a web-based groupware for computer 
supported collaborative learning (CSCL). It is designed to 
support a collaborative process of progressive inquiry 
learning.
Progressive inquiry (Fig. 1) entails that new 
knowledge is not simply assimilated but jointly 
constructed through solving problems and building 
mutual understanding [13]. The main ideas behind this 
model is the development of self–regulative and meta–
cognitive skills [14], reflective and critical thinking skills 
[15], and demonstrated academic literacy in reading and 
writing [16]. Self–regulated learners are generally 
characterized as active learners who efficiently manage 
their own learning in different ways. Self–regulated 
learning is an active construction process whereby 
learners set goals for their learning and then attempt to 
monitor, regulate, and control their cognition, motivation, 
and behavior. Complementing this, reflective and critical 
thinking skills are considered as a frame of mind 
involving alertness to the need to evaluate information as 
well as mental operations such as testing opinions and 
considering different viewpoints. There is also a need for 
the students to demonstrate their reading and writing 
skills. According to Geisler [16] the students need both 
knowledge of the content domain as well as knowledge of 
the discipline’s rhetorical processes. 
Characteristic of progressive inquiry then, is that 
students treat new information as something problematic
that needs to be explained [13]. By imitating practices of 
scientific research communities, students can be guided to 
engage in extended processes of questions–and-
explanation–driven inquiry. An essential aspect of this 
kind of inquiry is to engage collaboratively in improving 
the understanding of shared knowledge objects, i.e., 
problems, hypotheses, theories, explanations or 
interpretations [17]. Through intensive collaboration and 
peer interaction, resources of the whole learning 
community may be used to facilitate advancement of the 
inquiry process. By synthesizing results of the philosophy 
of science and cognitive research, essential elements of 
progressive inquiry emerge. 
As a starting point of the knowledge building process, 
the instructor has to set up the context and the goal for a 
study project in order for the students to understand why 
the topic is worthwhile investigating. Then the instructor 
or the students present their research problems that define 
the directions where the inquiry goes. As the inquiry 
proceeds, more refined questions will be posted. Focusing 
on the research problems, the students construct their 
working theories, hypotheses, and interpretations based 
on their background knowledge and their research. Then 
the students assess strengths and weaknesses of different 
explanations and identify contradictions and gaps of 
knowledge. To refine the explanation, fill in the 
knowledge gaps and provide deeper explanation, the 
students have to do research and acquire new information 
on the related topics. This may result in new working 
theories. In so doing, the students move step by step 
toward building up knowledge to answer the initial 
question. 
To support the collaborative progressive inquiry 
process, FLE2 provides several modules, such as 
WebTop, Knowledge Building module, Chat module and 
Administration module including Course Management 
and User Management. The Knowledge Building module 
is considered to be the scaffolding module for progressive 
inquiry, where the students post their messages to the 
common workspace according to predefined categories. 
The categories they can use are Problem, Working 
Theory, Deepening Knowledge, Comment, Meta-
comment, and Summary. These categories are defined to 
reflect the different phases in the progressive inquiry 
process. All Knowledge Building messages within a 
course are visible as lists of messages which can be sorted 
by topic (thread), person, category and date. The WebTop 
module is a supporting module where instructors and 
students can store and share resources such as documents 
(research proposals, term papers, designs or project 
reports), knowledge building notes and links related to 
their studies, organize them to folders and share them 
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with others. The Administration module allows 
administrators and instructors to create, manage courses 
and participants and make time tables [12]. 
Figure 1. Progressive inquiry model [12] 
3. Agent and Agent Design 
Nwana [18] classified agents according to three ideal and 
primary attributes which agents should exhibit: autonomy, 
cooperation and learning. Autonomy refers to the principle 
that agents can operate on their own without the need for 
human guidance. They “take initiative” instead of acting 
simply in response to their environment [19]. Cooperation 
refers to the ability to interact with other agents and 
possibly humans via some communication languages 
which means they should possess a social ability. Agent 
learning refers to agents’ capability of improving their 
performance over time. Using the three characteristics, 
Nwana derived four types of agents in their agent 
typology: collaborative agents, collaborative learning 
agents, interface agents and smart agents (Fig. 2). 
Figure 2. Agent Topology [18] 
Although our instructional assistant agent has the 
ability to learn and to act autonomously, its ability to 
communicate with users is rather simple. In this sense, the 
instructional assistant agent falls into the interface agents 
category.
Malone, Grant and Lai [4] review their experience in 
designing agents to support human working together 
(sharing information and coordination). From the 
experience, they found two design principles: 
x Semiformal systems: don’t build computational 
agents that try to solve complex problems all by 
themselves. Instead, build systems where the 
boundary between what the agents do and what 
the humans do is a flexible one. 
x Radical tailorability: don’t build agents that try 
to figure out for themselves things that human 
could easily tell them. Instead, try to build 
systems that make it as easy as possible for 
humans to see and modify the same information 
and reasoning processes their agents are using. 
The design of our instructional assistant agent follows 
these two principles. First, we divide the coordination 
tasks between the agent and the instructor. The agent 
takes care of monitoring, computing statistics, finding 
possible problems and providing advices to the instructor. 
The instructor, then, doesn’t need to follow every 
interaction of participants. S/he can spend more time on 
course management and domain specific issues. Second, 
the rules are represented in RuleML (http://www.dfki.uni-
kl.de/ruleml/) format which is a XML-based rule markup 
language. It is rather easy for instructors to create or 
modify the rules. Additionally, the agent is designed to be 
able to explain its advice to the instructor by going 
through its reasoning process that can help the instructor 
to understand the agent and build up a trust relationship.  
There are two more concerns when agents are built: 
competence and trust [20]. Competence refers to how 
does an agent acquires the knowledge it needs to decide 
when, what and how to perform the task. In our case, will 
the agent depend only on the rules written by the 
instructor? or should it be able to improve its performance 
by learning? For agent systems to be truly ‘smart’, we 
believe that they would have to learn as they react and/or 
interact with their external environment. The ability to 
learn is a key attribute for intelligent agents. Trust refers 
to how we can guarantee that the user, in our case the 
instructor, feels comfortable in following the advice of the 
agent, or delegating tasks to the agent. For example, 
letting the agent to send emails to students directly 
without the instructor’s confirmation. It is probably not a 
good idea to give a user an interface agent that is very 
sophisticated, qualified and autonomous from the start 
[20]. That would leave the user with a feeling of loss of 
control and understanding. Our solution is that at the 
beginning, the agent works together with the instructor, 
providing advice and explaining its reasoning process. 
Gradually the agent learns from the instructor’s feedback 
on its advice, improve its performance over time, builds 
up a trust relationship, until a point is reached where the 
agent is allowed to perform actions without the 
confirmation from the instructor. 
Smart Agents
Cooperative Learn
Autonomous
Collaborative
Learning Agents
Interface
Agents Collaborative
Agents
Smart Agents
Cooperative Learn
Autonomous
Collaborative
Learning Agents
Interface
Agents Collaborative
Agents
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4. Role of Instructional Assistant Agent in 
FLE2
4.1 Coordination issues 
In the context of CSCL, the instructor's role is different 
from traditional instructor-centered environments. 
Roehler and Cantlon [21] classified the instructor's role in 
distributive learning environments into five categories: 
offering explanations, inviting student participation, 
verifying and clarifying student understandings, modeling 
of desired behaviors and inviting students to contribute 
clues. In distributed collaboration learning process, apart 
from the subject-related problems which need instructor's 
help, there are also coordination problems relating to the 
collaboration itself.
After examining the social psychological literature 
Salomon [22] identified several problems which happen 
in collaborative learning process:  
x "free rider" effect: where one team member just 
leaves it to the others to complete the task [23]. 
x "sucker” effect: where a more active or able 
member of a team discovers that he or she is 
taken for a free ride by other team members[24]. 
x "status sensitivity" effect: where high ability or 
very active members take charge, and thus have 
an increasing impact on the team' s activity and 
products [25].
x "ganging up on the task": where team members 
collaborate with each other to get the whole task 
over with as easily and as fast as possible [26].  
If these problems are not solved properly, the 
collaboration learning cannot obtain effective outcome. 
This is where the instructor is needed to play its 
coordination role. 
Awareness of individual and group activities is critical 
to successful collaboration. Dourish & Bellotti [27] 
defined awareness as “an understanding of the activities 
of others, which provides a context for your own 
activity”. They further explained that the context is used 
to ensure that individual contributions are relevant to the 
group’s activity as a whole and to evaluate individual 
actions with respect to group goals and progress. The 
information, then, allows groups to manage the process of 
collaborative working.  
Awareness information is always required to 
coordinate group activities. Various mechanisms are used 
to provide awareness among participants. Some provide 
explicit facilities through which participants inform each 
other of their activities. Others provide explicit role 
support, which gives awareness amongst participants of 
each other’s possibly activities. In our case, the 
instructional assistant agent supports instructors to 
provide awareness of individual and group activities. 
4.2 Role of Instructor in FLE2 
In the collaborative learning process in FLE2, instructors 
can contribute to the progressive inquiry process in the 
following aspects: to setup a context, to enhance the 
discussion by presenting problems or working theories, to 
encourage students to join the knowledge building session 
by sending student emails with links to relevant and 
interesting notes in the knowledge building, and to upload 
learning materials and inform students and let them visit 
the new material. Among those contributions, the most 
important is to give feedback to participants to coordinate 
the collaboration. 
Giving feedback to coordinate collaboration depends 
heavily upon the observation of the interaction. An 
intensive collaboration, however, which includes a 
relatively large number of messages in the Knowledge 
Building process, makes it difficult to follow. Although 
the messages are organized around a set of principles, it 
takes time and effort to analyze the collaboration, detect 
problems and give useful advice to coordinate the 
collaboration. In order to lessen this problem, an 
instructional assistant agent is designed and developed 
that would observe the collaboration process, process the 
information collected and provide the instructor and the 
students with overview and advice on the collaboration 
process. In so doing, we hope to free the instructor from 
following every single activity in the collaboration 
process so that they can concentrate on the more 
important issues. 
4.3 Role of instructional assistant agent 
The instructional assistant agent is designed to support the 
instructor’s coordination. It has two main roles: observer 
and advisor. 
4.3.1 As an observer 
As an observer, the instructional assistant agent looks 
over the shoulders of students and gathers information on 
the collaboration process and stores it in a database. Most 
web-based applications have a server side log that is 
mainly a comprehensive event report to help the 
administrator in troubleshooting. In a collaborative 
learning environment the information in most server logs 
is often insufficient and unreadable to help the instructor 
in regulating the learning process. 
In the knowledge building process of FLE2, the main 
activity of the students is to post messages according to 
categories. Therefore, the information collected by the 
agent includes the properties of the messages posted by 
the students. It includes: 
￿ Category: to which category a message is posted? 
￿ Student-Post: who post the message? 
￿ Time-Stamp: when is the message posted? 
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￿ Msg-Correspond: to which message does the 
message correspond? 
￿ Depth: at which depth of the thread is the message? 
Additionally, the agent monitors the activities of the 
instructor and students in virtual WebTop so that it can 
get the updates and send notifications to other 
participants.
By querying the database, the instructional assistant 
agent is able to provide statistical information on the 
collaboration process. For example,  
￿   How many notes have been posted in each 
category?  
￿  How many notes have a certain students posted?  
￿  How often does a certain student post messages?  
￿   How many notes have each student posted in a 
certain category?  
￿   How many notes have a certain student posted 
corresponding to a certain message?  
The agent presents the statistical information in charts 
so that the instructor can follow the collaboration more 
easily and detect problems more quickly. 
4.3.2 As an advisor
As an advisor, the instructional assistant agent detects 
possible problems and provides advice to the students and 
instructors based on the information it obtained on the 
collaboration process. It gives advice by sending email or 
presenting advice when they log on. By looking into the 
collected information, the agent is able to detect possible 
problems such as someone is left out of the discussion or 
someone who is active than others and steering the group. 
Thus the advice which agent provides to the instructor 
aims at regulating the discussion. The agent can also 
detect updates in the collaboration by looking into the 
collected information. Therefore, the advice to the 
students aims at encouraging knowledge sharing and 
awareness. 
In FLE2, the instructor is able to upload learning 
material to her/his virtual WebTop, which s/he thinks is 
important for the students to read. When a piece of new 
material is uploaded by the instructor, the agent will 
automatically send email to the students to inform them 
the new upload and advise them to visit the new material. 
When a student logs on, s/he will be notified of updates in 
the virtual WebTop by other students in the same course. 
This helps her/him be aware of the interests and studies of 
fellow students. They are also presented with updates to 
the Knowledge Building process, which helps her/him 
with awareness of others’ contributions and the 
collaboration progress.  
When an instructor logs on, s/he will be presented the 
statistical charts and the advice generated by the 
instructional assistant agent. The agent generates its 
advices based on its observation. For example, a certain 
student hasn’t posted any messages for seven days do you 
want to send her/him a message? A certain student has put 
significantly less messages than others, do you want to 
send him a message to encourage her/him to contribute 
more? One message has been posted for 2 days and 
nobody has responded to it, do you want to send out a 
message to encourage the students to comment on it? In 
addition, the agent presents all the newly posted messages 
to the instructor when s/he logs on, asking her/him to go 
through them and select interesting messages. Then the 
agent will send email to the students containing links to 
the instructor selected messages and advise them to pay 
attention to and comment on these messages. By 
explaining its advices to the instructor and inducing rules 
from his/her feedbacks, the agent can gradually improve 
the quality of its advices and build up a relationship of 
understanding and trust with the instructor. 
In order to help with the awareness of the presence of 
other students and the instructor, the instructional 
assistant agent provides both the instructor and the 
students a way to know who else is currently on line. In 
so doing, the instructor or students can launch the chat 
tool to collaborate synchronically if necessary. In 
addition, all the students and the instructor can also 
review their own activity history which helps them to 
reflect what they have done within the course. 
5. Integration of Instructional Assistant 
Agent with FLE2 
5.1 Architecture 
Figure 3. Integration of instructional assistant agent 
and FLE2 
Fig. 3 shows the integration of the instructor assistant 
agent with the FLE2 server. The agent receives students 
and the instructor activities through the web server and 
the application servers in FLE2 and stores them in a 
database. The activities are mainly logon/off, updates on 
the virtual WebTop module, messages posted in the 
Knowledge Building module and the chat log. Each of the 
activities has timestamp and other properties. For 
example, a message posted in the Knowledge Building 
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tool should also include message content, post person,  category, and corresponding message. An item in the 
virtual WebTop should also include item type, title, and 
link to its content. 
The instructional assistant agent itself is also an 
application server which is responsible for providing 
statistical information of the collaboration process, 
sending emails, providing advice, explain advice and 
showing who is currently online. On the client side, there 
is a button, which by clicking, the instructor and students 
can go to an interface where they can get information 
from the instructor assistant agent. 
The Statistic Generation module goes through the 
database, computes statistics on the collaboration process 
and presents them to the instructor and students in the 
form of tables or charts. These statistics are also used by 
the Advice Generation module, which produces advice by 
querying the database, using the statistics created by the 
Statistic Generation module, and reasoning on the 
knowledge base, which contains the instructor's expertise 
on how to regulate the collaborative knowledge building.  
5.2 Implementation details
5.2.1 Database and Knowledge base 
To add, access, and process data in the DB, we choose to 
use MySQL (http://www.mysql.com/), one of the most 
popular open-sourced SQL database management 
systems. Table 1 shows a part of table of messages in 
knowledge building process. 
The expertise is represented in the form of production 
rules in the KB. In the beginning, the instructor can put 
some general rules in the KB. Based on these rules the 
agent generates its advice. Over time the agent learns 
from the instructor's feedback on the advice and induces 
more specific rules. When used for reasoning by the 
agent, specific rules have a higher priority than general 
rules. Externally, the rules are represented in RuleML. 
RuleML is an XML-based rule markup language. It 
allows rule storage, interchange and retrieval through 
WWW. Additionally, the rules written in RuleML can be 
easily maintained by the instructor. Here two rule 
examples in RuleXL format: 
"Send a msgNotification to a student (studentName) with 
a confidence factor 1.0 if a message is marked as "new" to 
him/her". This rule corresponds to the message template 
No.3 in Section 5.2.3. 
<imp>
  <_head> 
    <atom> 
      <_opr><rel>send</rel></_opr> 
      <var>studentName</var> 
      <var>msgID</var> 
      <ind>msgNotification</ind> 
      <ind>1.0</ind> 
    </atom> 
  </_head> 
  <_body> 
    <atom> 
      <_opr><rel>new</rel></_opr> 
      <var>msgID</var> 
Table 1. msg table 
id user  category  Title  reply-to depth  timestamp 
…          
15 jand  Working 
theory
New ‘supercrops’ will wipe out natural 
flora
1 2 2002-03-25  18:38:35 
16 jand  Deepening 
knowledge
Diversity of crops is being reduced  15  3  2002-03-25 18:48:44 
17 peter  Comment  The reliability of that paper is 
questionable! 
16 4  2002-03-25  18:56:23 
18  peter  Comment  What do you mean by ‘supercrops’?  15  3  2002-03-25 19:06:58 
19 Christan Working 
theory
Genetically modified food means the 
end of world hunger 
1 2 2002-03-25  20:00:12 
…          
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      <var>studentName</var> 
    </atom> 
  </_body> 
</imp>
"Send a msgNotification to a student (studentName) with 
a confidence factor 1.0 if a student’s message (msgID) is 
replied by another student with a new message 
(newMsgID)". This rule corresponds to the message 
template No.2 in Section 5.2.3. 
<imp>
  <_head> 
    <atom> 
      <_opr><rel>send</rel></_opr> 
      <var>studentName</var> 
      <var>newMsgID</var> 
      <ind>msgNotification</ind> 
      <ind>1.0</ind> 
    </atom> 
  </_head> 
  <_body> 
    <and> 
      <atom> 
        <_opr> 
          <rel>replied</rel> 
        </_opr> 
        <var>msgID</var> 
        <var>newMsgID</var> 
      </atom> 
      <atom> 
        <_opr> 
          <rel>postedby</rel> 
        </_opr> 
        <var>msgID</var> 
        <var>studentName</var> 
      </atom> 
    </and> 
  </_body> 
</imp>
5.2.2 Learning 
The learning algorithm we choose is CN2 [28]. It can 
induce new production rules periodically instead of doing 
it each time new feedback is provided. We believe that 
this feature fits asynchronous environments where real 
time update is not so crucial as compared to synchronous 
environments.  
The input of the CN2 algorithm is the features of 
advice and the instructor’s activities to the advice. The 
features of advice include: 
￿ Message feature: category, student-post, timestamp, 
etc
￿ Student feature: last-logout, last-message-post, etc 
Confidence factor: how confident the agent is on the 
advice
The instructor’s activities include send (delegate agent 
to send the advice to students), explain (ask agent to 
explain how it generates the advice) and view the content 
of the message to be sent to students. 
Each advice presented to the instructor becomes one 
training example for the CN2 algorithm in the form of 
feature sets including message feature, student feature, 
instructor’s activity/feedback and confidence factor. Here 
is a very simple scenario: 
“A new message (M1) was newly posted by a student 
(S1) into category (C1). the agent generated advice (A1) 
of sending a msgNotificiation email to all other students 
within the course with a confidence of 1.0. The instructor 
confirmed this action.” 
The feature set extracted from this scenario is: 
msg-and-student-feature={M1, C1, S1}   m=3 
confidence-factor={1.0}   n=1
which will result in 3 examples: 
{M1, 1.0, confirmed} 
{C1, 1.0, confirmed} 
{S1, 1.0, confirmed} 
Going through the training examples, CN2 creates a 
set of new rules and writes it out to KB in the form of 
RuleML. Before these new rules are used in generating 
advice, the instructor is recommended to validate them. 
5.2.3 Email Template 
The advice generated by the instructional assistant agent 
are based on pre-defined templates which mostly suggests 
the instructor send an email to a specific student. Some 
example email templates follow: 
1. Hi [StudentName], 
Lately you have posted less messages than others, you 
may need to participate more.  
[InstructorName] 
2. Hi [StudentName], 
[AnotherStudentName] has posted a message 
[LinkToMessage] corresponding to the message 
[MessageTitle] you posted. Would you like to read it? 
[InstructorName] 
3. Hi [StudentName], 
[AnotherStudentName] has posted a message [link to the 
message], which is quite interesting but hasn't been paid 
much attention. I think you should read it.  
[InstructorName] 
5.3 A Scenario
Fig. 4 shows an example of the instructor interface. When 
the instructor selects the agent button, a pop-up window 
appears. The window contains links to "Who is online", 
"Update in virtual WebTop" and "Update in Knowledge 
Building", "View collaboration statistics" and "Read 
advice".
The "Who is online" takes the instructor to a window 
showing all the online group members. The instructor can 
send email or start a chat with them.  
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Figure 4. Instructional assistant agent in instructor’s interface 
The "Update in virtual WebTop" takes the instructor to 
a window showing all the updates since his/her last logon 
on the virtual WebTop of the group members with links to 
virtual WebTop of the members. By clicking the link, the 
instructor can go directly to the newly uploaded materials. 
The update list can be sorted on timestamp or poster's 
name. The "Update in Knowledge Building" has similar 
features with the "Update in virtual WebTop". It brings 
out all the newly posted messages on the knowledge 
building since the instructor's last logon. Each entry in the 
list includes link to the message and its properties, such as 
timestamp, category, name of the student who posted it 
and the link to its corresponding message.  
The "View collaboration statistics" link takes the 
instructor to a window where s/he can take a chart view of 
the statistical information of the collaboration. S/he can 
choose what to view (message-category or message-
student, etc) and how s/he would like the information to 
be presented (pie chart, bar chat or line chart). By viewing 
the charts, the instructor can get a feeling of what has 
happened in the collaboration process and may detect 
possible problems quickly. The "Read advice" link takes 
the instructor to a list of advice generated by the agent. 
For each advice, the instructor can query the agent for an 
explanation on the advice provided. The agent then 
presents the related knowledge in the knowledge based. 
The advice mostly suggests the instructor to send an email 
to a specific student.  
If the instructor decides to follow the agent's advice, 
s/he can choose to send email by her/himself or delegate 
the agent to send an email. The agent records the 
instructor's actions on each piece of its advice and induces 
new rules based on the feedbacks.  
The student interface has also an agent button, which 
pops up a window containing links to "Who is online", 
"Update in virtual WebTop" and "Update in Knowledge 
Building". These links have same functions with those in 
the instructor's interface. 
6. Related Work 
Concerning agents in facilitating CSCL, three related 
works are worthy noting. 
Constantino-Conzalez and Suthers [29] report their 
research on coaching collaboration in a synchronous 
distance learning environment with minimal reliance on 
the restricted communication devices such as sentence 
openers. They evaluate the potential contribution of 
tracking student participation and comparing students' 
individual and group solutions. The coach has the ability 
to recognize relevant learning opportunities and to 
provide advice that encourages students to take these 
opportunities. They identified several advice types such as 
discussion, participation, and feedback from which the 
coach can choose. The experiment results showed that 
reasonable collaboration advice could be generated 
without the need for expert solutions or discourse 
understanding. Our research is partially inspired by their 
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work and aims at testing the role of agents in an 
asynchronous environment. 
Dillenbourg [30] claims that the instructor retains a 
role in the success of collaborative learning. He further 
defines the “facilitator” role of an instructor as not to 
provide the right answer or to say which group member is 
right, but to perform a minimal pedagogical intervention 
(e. g. provide some hint) in order to redirect the group 
work in a productive direction or to monitor which 
members are left out of the interaction. He identified three 
main categories of agents in CSCL environment [31]: 
sub-agents, co-agents and super-agents. The instructional 
assistant agent presented in this paper fits in the super-
agents category. 
Ritter and Koedinger [32] attempted to build learning 
environments that incorporates tutoring agents into pre-
existing software packages. The tutor agent is designed to 
be general so that it can be integrated to a wide range of 
complex tools. To achieve this goal, a translator is 
designed to transfer the tool-specific information into the 
internal representation of the tutor agent. With the help of 
the translator, tools in different domains are able to share 
the same tutor agent. The instructional assistant agent we 
present is designed with a similar idea in mind.
7. Conclusions and Future Plans 
This paper described our on-going design and 
development of an instructional assistant agent supporting 
the instructor and students in distributed collaborative 
learning. Instead of trying to take the instructor's role in 
regulating collaboration, the agent is designed to 
supplement the instructor in facilitating distributed 
collaborative learning. It acts as an observer and an 
advisor. With the help of the instructional assistant agent, 
the instructor can detect problems more easily and quickly 
in the collaboration and take appropriate actions.  
A prototype of the instructional assistant agent has 
been developed and is being tested. An informal 
evaluation of the prototype has been undertaken at a 
teacher workshop in Bergen at the end of April 2002. We 
focussed on functionality and users interface issues. A 
more thorough evaluation with focus on the performance 
of the agent will be carried out in conjunction with a large 
field trial in the DoCTA-NSS project in the fall of 2002. 
In this scenario, students in two grade 10 classes, one in 
Bergen and one in Oslo, collaborate on gene technology 
through FLE2. For the performance of the agent, the 
experimental research will focus on: 
x Instructor reaction and judgments 
x Student reactions 
x The role of domain knowledge 
x The way of visualizing the statistics (e.g., is it easy 
for the instructor to interpret the information?) 
Through the experiment we hope to learn if and how 
the interventions of the agent will assist the instructor and 
students in improve the task performance, the engagement 
and awareness in distributed collaborative learning 
environments. With the lessons learned, we hope to move 
one step further toward a plug-in agent which would be 
able to fit in any distributed collaborative learning 
environments.  
Several issues merit our further investigation. First, 
we target an asynchronous environment—FLE2. For a 
synchronous environment, such as Teamwave 
(http://www.teamwave.com), there are probably other 
requirements for supporting the collaboration? Second, 
our aim is to build a plug-in instructional assistant agent. 
Therefore we need to consider the reusability of the agent. 
How could we improve the reusability? Third, for an 
agent to effectively regulate the distributed collaborative 
learning, it is crucial for it to understand the interactions 
between computers and students and between students 
and students. Although a few efforts have been made in 
this topic (e.g., [33], etc) and some progress has been 
made, it still needs further investigation. For example, 
when the students are keeping "silent" in the 
collaboration, there is no way for the system to know 
whether s/he is reflecting, or doing something else. 
Fourth, it seems that with the instructional assistant agent, 
the collaborative learning process is well regulated. 
However, one can ask if it is good to have this regulation, 
or is it better to give the students more flexibility? We 
hope the result of our experiment will also help us answer 
some of these questions.  
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J. DOLONEN, W. CHEN & A. MØRCH 
INTEGRATING SOFTWARE AGENTS WITH FLE3 
Abstract. This paper presents an approach to integrating a software agent with FLE3 – a distributed 
CSCL environment. We discuss two complementary ways the agent system can present feedback to the 
users (students and instructors). On the one hand, the agent system identifies possible problems and gives 
advice to each student based on principles of collaboration and knowledge building. On the other, it 
computes statistics for viewing and presents possible problems and advice to the instructor which the 
instructor can use to engage in a dialog with the students. 
1. INTRODUCTION 
In the context of Computer Supported Collaborative Learning (CSCL) 
environments, where the actors are distributed both in time and space, there 
potentially are problematic issues both for students and instructors. For a student it 
can be difficult to utilize the tools for effective collaborative activity. For an 
instructor it is difficult to follow an intensive collaboration. It is time and effort 
consuming to analyse, detect problems and give useful advice to guide the 
collaboration. Our hypothesis is that a software agent system could be helpful to 
alleviate some of this activity. 
 Within the DoCTA project (http://www.ifi.uib.no/docta) we are developing an 
agent system for FLE3 (http://fle3.uiah.fi/). The agent system consists of two 
components: a Student Assistant agent (SA-agent) and an Instructional Assistant 
agent (IA-agent). Both agents observe and detect problems in the collaboration and 
knowledge-building process among students, but their presentations are different. 
The SA-agent gives advice directly to each student but is limited because it cannot 
engage in a dialog with the student (Dolonen, 2002). The IA-agent, on the other 
hand, computes statistics for viewing and presents possible problems to the 
instructor so that he or she, if desired, can give feedback to and engage in a dialog 
with the student (Chen & Wasson, 2002).  
1.1. FLE3 
FLE3 was developed at the University of Art and Design in Helsinki and is a web-
based groupware for computer supported collaborative learning (Muukkonen, 
Hakkarainen & Lakkala, 1999). It is designed to support the collaborative process of 
progressive-inquiry learning. The basic idea of progressive inquiry is that students 
gain a deeper understanding of a knowledge domain by engaging in a research-like 
process in this domain by generating their own problems, proposing tentative 
hypotheses and searching for explanatory scientific information collaboratively.  
FLE3 provides several modules for collaborative learning; the primary one is a 
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knowledge-building module that is dedicated to scaffolding progressive inquiry. 
Here the students post their messages according to predefined categories including: 
Problem, My Explanation, Scientific Explanation, Comment, Meta-comment, and 
Summary. These categories have been defined to reflect the different phases of the 
progressive inquiry process. 
2. AGENT SYSTEM IN FLE3 
2.1. Rationale 
The knowledge-building process in FLE3 is dependent on the use of categories, but 
for a student it can be difficult to understand how to use these categories. Further, 
collaborating with peers is important for the knowledge-building process to succeed. 
For the instructor, feedback on collaboration depends upon the observation of the 
interaction. An intensive collaboration, however, which includes a relatively large 
number of messages in the knowledge-building forum, is difficult to follow. 
Although the messages are organized around a set of shared principles, it takes time 
and effort to analyse the collaboration, detect problems and give useful advice to 
regulate the collaboration.  
In order to lessen these problems, we have designed and developed an agent 
system that can observe the collaboration process, analyse the information collected 
and provide the students and the instructor with an overview and advice on the 
collaboration and knowledge-building process. By this effort, we hope to enhance 
both the student’s understanding of the collaboration and knowledge-building 
process and the instructors’ ability to obtain an overview of activities in FLE3 so 
that their performance in regulating the knowledge-building process can be 
improved. 
The agent system has two roles. The first is to monitor the collaboration and 
knowledge building process and the second is to present feedback to either the 
students or the instructor. 
2.2. Monitoring 
When monitoring the collaboration and knowledge-building process, the agent 
system gathers information and stores it in a database. In FLE3, the main activity of 
using the system is to post messages according to selected categories. Therefore, the 
information collected and stored by the agent system includes the structural 
properties of the messages posted by the students. 
By querying the database, the agent system gets statistical information about the 
collaboration process. For example, how many notes have been posted in each 
category? How many notes has a certain student posted? How often does a certain 
student post messages? How many notes has each student posted in a certain 
category? This statistical information is presented in two different ways by the agent 
system as we describe these approaches in the next two sections.  
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2.3. Student Assistant Agent 
Based on the statistical information gathered in the database, the SA-agent advises 
the students directly based on a set of “rules” for collaboration and knowledge 
building encoded in the agent. An example of an advice is the following: 
“You have posted many more messages than the others. Make sure you do not dominate 
the discussion and prevent others from participating.” 
This piece of advice is triggered based on a “measure of participation”. This 
measure is computed by counting a student’s number of postings and comparing it 
with a predefined threshold value. The advice will be presented in an agent message 
window embedded in the interface of the knowledge-building module (see Figure 1). 
However, the SA-agent is limited since it cannot engage in a dialog with the student. 
This way of advising users has been tested by Jondahl & Mørch (2002) in another 
prototype within the DoCTA project. They found that agents could have a negative 
impact and hinder the collaboration process if perceived as annoying, but also that 
such “breakdowns” could be useful when the feedback provided information they 
did not expect to receive.  
Figure 1. Student Assistant (SA) Agent: Messages from SA-agent are displayed in the window 
above the threaded discussion. The last message from the agent says:” There is a ‘My 
explanation’ note without any response. You should read that note and try to respond to it 
with a ‘comment’ or a ‘scientific explanation’”.
2.4. Instructional Assistant Agent 
Instead of letting the agent contact the students directly, which can be inappropriate 
and annoying, the IA-agent was designed and developed to assist the instructor in 
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giving feedback to students. This agent would instead present statistical information 
and advice to the instructor to inform them about the collaboration process (see 
Figure 2). Then the instructor could, if judged appropriate, forward the feedback and 
decide to engage in a dialog with the student. In this way, the instructor retains a role 
in the success of collaborative learning. However, to accomplish this role the 
instructor will need specific tools for monitoring interactions that are distributed in 
time and space. The design of these tools is important for CSCL research 
(Dillenbourg, 1999). The IA-agent is such a tool for enhancing the facilitator’s 
ability to monitor and regulate the process of collaboration and knowledge building.  
Figure 2. Instructional Assistant Agent: In the interface there are links to information on who 
is online, updates in WebTop, how many notes a student has posted in each course, and 
advice from the agent to the instructor. When the instructors click on ‘Check Advice’ in the 
upper right corner, they will be sent to an html-page containing the IA-agent’s advice. 
3. RELATED RESEARCH 
Three related lines of work have inspired us in designing and implementing the 
agent system. GRACILE (Ayala & Yano, 1996) implements two types of intelligent 
agents: mediator agents and domain agents. Dillenbourg, Traum, Jermann, 
Schneider & Buiu (1997) propose agents that compute statistics regarding 
interactions and present them to either instructors or collaborators. Constantino-
Gonzalez & Suthers (2001) report that reasonable collaboration advice by a coach 
could be generated without the need for expert solutions or discourse understanding.  
Compared with other agent systems in distributed CSCL environments, our agent 
system not only supports students, but also gives the instructor better understanding 
of the collaboration process and assists the instructor in regulating the collaboration. 
This can increase the possibility of effective and successful collaborative knowledge 
building using FLE3. This is also in recognition of the fact that the instructor is 
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needed in the loop because the process of collaboration and knowledge building is 
probably far too complex for any software agent to function as the sole advice giver. 
4. CONCLUSIONS AND FUTURE WORK 
This paper presents on-going work – a software agent system supporting the 
instructor and students in distributed collaborative learning. A prototype of the 
system has been developed and tested in a three-week field trial (Autumn 2002). We 
are currently analysing data from that study. In order to assess the performance of 
the agent system we will ask for instructor reactions and judgments (interview and 
questionnaire data), student reactions (interviews) and the way of presenting 
information in the user interface of FL3 (HCI evaluation).  
Jan Dolonen and Anders Mørch, InterMedia, University of Oslo, Norway. Weiqin 
Chen, Department of Information Science and InterMedia, University of Bergen, 
Norway. Contact Person: Jan Dolonen, janad@intermedia.uio.no 
5. REFERENCES 
Ayala, G., Yano, Y. (1996). Intelligent agents to support the effective collaboration in a CSCL 
environment. In Carlso, P. & Makedon, F. (Eds.), Proceedings of Ed-Telecom’96. Charlottesville, 
VA:AACE , 19-24. 
Chen, W. & Wasson, B. (2002). An Instructional Assistant Agent for Distributed Collaborative Learning. 
In Cerri S., Gouarderes G. & and Paraguacu F. (Eds.), Intelligent Tutoring Systems, Lecture Notes in 
Computer Science. Vol. 2363, Springer, 609-618. 
Constantino-Gonzalez, M., Suthers, D. (2001). Coaching Collaboration by Comparing Solutions and 
Tracking Participation. In Dillenbourg, P., Eurelings, A. & Hakkarainen, K. (Eds.), Proceedings of 
ECSCL'2001. Maastriicht, the Netherlands 173-180. 
Dillenbourg, P. (1999). What do you mean by collaborative learning? In Dillenbourg, P. (Ed.), 
Collaborative learning: cognitive and computational approaches. Amsterdam: Pergamon 1-19. 
Dillenbourg, P., Traum, D. Jermann, P., Schneider, D. & Buiu, C. (1997). The design of MOO agents: 
Implications from an empirical CSCW study. In du Boulay, B. & Mizoguchi, R. (Eds.), Proceedings 
of AIED’97. Amsterdam, IOS Press, 15-22. 
Dolonen, J. (2002). The Development of a Pedagogical Agent System for Computer Supported 
Collaborative Learning. Masters Thesis. Department of Information Science, University of Bergen, 
Norway. 
Jondahl, S. & Mørch, A. (2002). Simulating Pedagogical Agents in a Virtual Learning Environment, 
Proceedings of CSCL’2002, Boulder, CO, 531-532. 
Muukkonen, H., Hakkarainen, K. & Lakkala, M. (1999). Collaborative technology for facilitating 
progressive inquiry: Future learning environment tools. In Hoadley, C. & Roschelle, J. (Eds.), 
Proceedings of CSCL’99. Stanford University, 406-415. 
Black Yellow Magenta Cyan
ITU_no19_DOCTA_trykk.pdf    10/06/03 09:51:10          Page 159Black Yellow Magenta Cyan
ITU_no19_DOCTA_trykk.pdf    10/06/03 09:51:10          Page 160Designing Pedagogical Agents for CSCL 
R. Baggetun & S. Dragsnes 
In B. Wasson, S. Ludvigsen & U. Hoppe (Eds.) Designing for Change in 
Networked Learning Environments; Proceedings of the 6th 
International Conference on Computer Support for Collaborative 
Learning (CSCL 2003), 151-156. Dordrecht: Kluwer.
Reprinted with permission from Kluwer Academic Publishers. 
Black Yellow Magenta Cyan
ITU_no19_DOCTA_trykk.pdf    10/06/03 09:51:10          Page 161Black Yellow Magenta Cyan
ITU_no19_DOCTA_trykk.pdf    10/06/03 09:51:10          Page 162    Designing Pedagogical Agents for CSCL  163 
151 
B. Wasson, S. Ludvigsen, & U. Hoppe (eds.), Designing for Change, 151–155. 
© 2003 Kluwer Academic Publishers. Printed in the Netherlands. 
R. BAGGETUN & S. DRAGSNES 
DESIGNING PEDAGOGICAL AGENTS FOR CSCL  
Abstract. This paper presents an approach to incorporating agent software technology in our developed, 
shared collaborative Mindmap software. We start by discussing our theoretical influences, before we 
describe our approach to designing and implementing the agent into the Mindmap. Then we present some 
of the most interesting findings derived from a formative usability test of an agent prototype. This test 
was conducted to investigate how the agent impacted on students working together to solve a joint 
problem. The findings gave us some useful feedback about how agents can support distributed 
collaborative learning, and also some suggestions for future work. 
1. INTRODUCTION 
This paper is about facilitating distributed collaborative learning. Our ideas build on 
and utilize the concept of software agents as seen from the perspective of Computer 
Supported Collaborative Learning (Koschmann, 1996). 
Our rationale is that in distributed settings where facilitators cannot be 
everywhere and present at all time, there is a need for ICT based mechanisms to 
monitor and facilitate distributed collaboration. In a previous paper we presented an 
approach to designing pedagogical agents (Baggetun, Dolonen & Dragsnes, 2001). 
This time we have implemented an agent in a distributed collaborative learning 
environment (a shared tool enabling users to draw mind-maps) in order to 
experiment with and test how pedagogical agents can support interaction between 
actors in distributed collaborative environments. 
2. THE AGENT CONCEPT 
The term software agent has been used to describe a wide variety of concepts and 
functionality in many disciplines. As many varieties of "agents" have proliferated, 
there has been an explosion in the use of the term without a corresponding 
consensus on what it means (Bradshaw, 1997). Some researchers define an agent 
according to a list of attributes or capabilities it possesses (Newell, 1988; Etzioni & 
Weld, 1995), while others have a "three-line definition" containing more or less 
abstract features such as goals, autonomy, communication and means of knowledge 
representation (Gilbert, 1996). Others try to build larger classification schemes 
(Nwana, 1996; Franklin and Greaser, 1996) and theories of agent architectures 
(Muller, 1998). However, our literature survey has identified some common 
denominators that a software agent can possess: 
· A certain degree of autonomous execution. 
· The ability to communicate with other agents or users. 
· Responsibility for monitoring and reacting to the state of its environment. 
· An adaptable internal representation of its working environment. 
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· Some degree of mobility. 
3. OUR APPROACH TO DESIGNING PEDAGOGICAL AGENTS 
Much research and development in the field of pedagogical agents has focused on 
interaction with co-located students through 'guiding' and presenting information to 
the user interface (e.g. Boy, 1997; FitzGerald et al 1997; Johnson et al, 1999). 
However, none of the above authors address distribution as a separate element. The 
complexity of distribution can roughly be described as difficulties in organising 
collaborative interaction due to a lack of face-to-face interaction and different time-
tables. Thus, coordinating distributed learning activities often entails a greater 
coordination burden. The challenge is to move some of this “burden” from humans 
to ICT based artefacts. 
The role of the agent in the user interface is another element that needs 
consideration, and has especially been focused on by researchers in the field of 
animated pedagogical agents. Research in this field is concerned with capabilities 
such as eye movements, hand gestures and user – agent conversations. In these 
settings agents tend to be a crucial part of the interface, and interacting with the 
agent can be time-consuming. Agents such as Gracile (Ayala, 1995), Rea (Cassell, 
2001), Herman the Bug (Lester, Stone & Stelling 1999), Cosmo (Lester et al. 
1999a), WhizLow (Lester et al. 1999b), Steve and Adele (Johnson, 1997), are all in 
domains where they tend to dominate the interface. They also share one common 
role as a guide or instructor. The role of guide or tutor is quite different from the role 
of facilitator. Examples of agents acting as facilitators are: the Coach (Constantino-
González, 2001) and the observers (Dillenbourg et al. 1999). 
3.1. How to design for less intrusive agents? 
We have all heard complaints about agents being intrusive, disruptive and disturbing 
users (Dickinson, 1998). In a distributed work and learning setting, this can be even 
more irritating. Here, users focus much of their attention on watching what other 
users do (this is also one of our findings). For such applications we believe it is 
important to try to achieve a cautious approach when designing how the agent 
interacts with users. The focus is not so much on how to create character-like 
animated agents that show emotions and interact with the users in a more face-to-
face fashion, but rather on how to facilitate collaboration and productive 
interactions. An important difference here is that the objective is learner-learner 
interaction, and NOT learner-agent interaction. 
To reduce the degree of intrusiveness and the amount of inappropriate messages, 
we implemented a two-layer structure in the agent architecture. The first layer is the 
content layer responsible for generating the content of a message, while the second 
layer (the presentation layer) is concerned with how the chosen content should be 
presented. Both layers utilize the agent context (storing information about user 
actions, agent interactions and corresponding user reactions) throughout the session. 
For information about these mechanisms, see Dragsnes, Chen & Baggetun, 2002. 
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4. THE MIND MAP PROGRAM 
The Mindmap program is a tool designed to support mind-mapping principles 
described by Tony Buzan (Buzan, 1993). The main purpose is to create a meeting 
place where distributed users can brainstorm, discuss and build joint mind maps. 
Fig. 2. A screenshot of the Mindmap program. 
The agent consists of two specialised subcomponents each having a distinct role, the 
first one being responsible for monitoring user actions and participation. The second 
as a coordinator, which means it will not contribute to the tasks, but try to facilitate 
the process. This is done by analysing data contained in the internal representation 
(which consists of user actions, and comparing them with previous actions and agent 
interactions). This might result in the agent sending warning messages, meta-
information about the collaboration process, initiatives to start discussions and 
encourage passive members to participate more. The overall goal for the agent is to 
encourage interaction among users, that can contribute to a shared understanding of 
the joint mind map they are building. 
5. METHODS AND FINDINGS 
In a conducted field trial, the aim was to see how students reacted to the system and 
the agent without giving them any prior knowledge of the tools. We chose to use a 
formative usability method triangulated with observation and interviews focusing on 
attitude measures (Booth, 1995). Firstly, the participants (three masters and one PhD 
student) were given a short briefing about the system before distributing them to 
Fixed output 
area 
Teleview 
buttons 
Awareness 
messages 
Chatboard 
Popup output
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different computer-labs. The assignment was to create individual mind maps by 
brainstorming about the design of an Intelligent System. Afterwards they were to 
meet in the shared workspace to build a joint and agreed-upon solution to the initial 
problem. The field trial was arranged at the end of a course in Artificial Intelligence, 
so all the participants were to some extent knowledgeable about the topic. The 
project lasted for about four hours. 
5.1. Findings 
Firstly, it is important to stress that it is not possible to draw conclusions on the basis 
of a single usability test. We will conduct more field trials later. But we believe that 
this trial provided some interesting feedback regarding what can be changed and 
improved. 
All of the interviewed students claimed that they were surprised to discover that 
they all had different interpretations of what had been debated and agreed upon 
using the chat function in the Mindmap program. These inconsistencies were not 
discovered before they started modelling their joint solution. This suggests that mere 
chatting is not a good enough medium of communication when solving complex 
problems. “The modelled concepts in the mind map made these differences 
explicit”, said one student, and possible misunderstandings between the participants 
were eradicated at an early point in time. 
Another interesting finding was that the participants felt that the agent was too 
discreet. To design discreet and non-intrusive agents is our goal, but still, this 
reaction was unexpected. The students said they usually did not notice what the 
agent suggested, especially at the beginning of the session. As a follow-up question, 
we asked them if they would pay more attention to the agent if they were to use the 
tool again. They all responded that they definitely would. Some of the students also 
gave a second reason; “We spent most of the time discussing what to do, and did not 
really direct our attention to the top of the screen to see if the agent said anything”. 
This design flaw has now been fixed, and standard output will be presented in the 
chat box as suggested. 
Later, we asked them how they felt about agent popups, and all stated that they 
found them irritating and disruptive. This is very interesting and somewhat 
contradicts their earlier statements. First they complained about the agent being too 
discreet when outputs were delivered in the fixed agent output area. So when 
something important happened, the agent chose to display a message as a popup 
dialog box. Then all the group members felt they were being disturbed. The 
frequency of dialog messages was very low. Only four such messages were given 
while the collaboration lasted. This finding points towards a fine design balance 
being required between the presentation form and the content. 
So far we have mainly presented the critique we received. It is also important to 
mention that all the participants liked the tool and wished to use it more. They 
managed to collaborate successfully without any training or introduction to the 
program. They all liked the awareness information given at all times and said that 
the agent was good at suggesting alternative ways of representing knowledge. If the 
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findings we have presented in this article were improved and fixed, they all believed 
that the agent would be helpful in doing some of their articulation work. 
6. SUMMARY 
In this paper we have illustrated our vision as well as the findings from a formative 
usability trial of a pedagogical agent prototype, in which the agent tries to facilitate 
distributed collaborative learning. We exemplify how a pedagogical agent can 
facilitate collaboration without any domain knowledge, the problems we have 
encountered and what we need to improve in order to create a more successful agent 
in the future. Further iteration cycles are currently being planned and in time we 
envisage the program being deployed in naturalistic CSCL settings. 
InterMedia, University of Bergen, Norway. 
We would like to thank Weiqin Chen, Anders Mørch and Barbara Wasson for 
supporting our work. We would also like to thank InterMedia in general for 
constructive comments during our R&D of the Mindmap. 
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Conclusions  
The field of learning and ICT is broad area of research. In many senses it 
points towards a basic aspect of human life, how we act together with tools. 
ICT represents a generic technology, which means that it can be used in 
many different ways and with different intensions. In a learning activity the 
technological tool needs to have specific functions.  
In the human-technology link, two different systems become connected and 
insight into human behaviour or technology is not enough. Interdisciplinary 
teams of researcher are a necessary condition for further advancements in 
our understanding of technology enhanced learning.  In Wasson, Ludvigsen 
& Hoppe (2003) the challenge is framed as follows:   
the challenge is two-fold: (1) to fully appropriate and master the technol-
ogy and it’s potential from a learning perspective, and (2) to thoughtfully 
reflect and precisely analyse the role and actual use of artefacts in learn-
ing scenarios! The first calls for technologists with a sharp awareness of 
learning needs, and the second calls for social/educational scientists 
with an elaborate understanding and a clear view of the technology and 
its affordances. The challenge is that both collaborate (or, at least, co-
operate). (page xviii) 
DoCTA NSS can be seen as one attempt to respond to such a challenge. The 
project has developed two strands of research and at the same time worked 
with the integration of these strands.  The more technological strand is con-
nected to the development of different types of agents and collaboration 
tools. The development of pedagogical agents is a new and promising step in 
the area of learning technologies. The development of one of our pedagogical 
agents is based on empirical studies of how students use categories in their 
activities. The pedagogical function of the agent is directed towards thought-
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ful integration of pieces information, which could create construction of 
robust knowledge.   
The strand related to learning and knowledge building is part of the theoreti-
cal development where the conditions for human learning are conceptual-
ised.  In this strand we try to build on state-of-the-art knowledge in order to 
design technology enhanced learning environments. The design forms con-
ditions for how and what students can learn in a specific environment. The 
designed environment, however, is only one important aspect of what we 
need to understand. As we have argued, learning and knowledge building is 
always part of an institutional arrangement, and we need to take this a start-
ing point.
Chapter one began with a presentation of these findings in a popular science 
style. Here we elaborate these key findings related to our long term objec-
tives.
Our research objectives were:  
1.  Based on a socio-cultural perspective on learning activity and focusing 
on the interpersonal social interaction in collaborative learning in co-
located and in distributed settings, we wanted to study the relation be-
tween designed artefacts, talk, and the understanding of scientific con-
cepts.
2.  To contribute to knowledge about the pedagogical design of learning 
scenarios, the technological design of the learning environment to sup-
port these learning scenarios, and the organisational design for man-
agement of such learning environments. This should include a reflection 
on teacher and learner roles for supporting collaborative learning in dis-
tributed settings.  
The socio-cultural perspective on learning and cognition is based on a frame 
of reference which maintains that any social practice is constituted by social 
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and cultural diversity, and that the actors bring multiple voices.  This per-
spective could also be labelled an institutional perspective. At the theoretical 
level this implies that we need to understand student activities at different 
levels of description. Student activities are part of the school as socio-political 
institutions. The relation between students and teachers are regulated by 
norms, rules and a certain division of labour, and of course the curriculum.  
DoCTA NSS, as a design experiment, is an intervention that tries to create an 
epistemic shift. Another way to view this is that we designed for new types pf 
participation structures and interactional achievements.  However, when we 
analyse student activities we can identify how the students orient themselves 
according to a social practice established over many years.   
Their focus on solving the tasks and their rhetorical strategies are examples 
of activities where they merge actions and talk based on a historical devel-
opment, and actions and talk based on the DoCTA NSS intervention (see 
Arnseth,  Arnseth et al., and Ludvigsen and Mørch, all this volume). When 
the students use the categories in FLE, they used them within their frames of 
possible perspectives; the categories have only a potential for meaning. The 
students will attribute meaning based on their framing of the situations. We 
have shown both positive and negative examples of the use of the prompting 
categories. For some of the students the use of categories brings an increased 
awareness for consistency between the content and the category chosen, and 
for the consistency in their overall argumentation.  The teachers seem to be 
very important to create a demand for consistency between content and a 
chosen category. We argue that the categories open up the situation and 
make the intervention more reasonable and less threatening for the students.  
Based on these findings we argue that higher order skills can be triggered by 
prompting categories. These types of skills, however, need to be cultivated 
over long periods of time, and across subject domains. Taking into account 
the complexity often characterising ICT-based learning environments, one 
might ask if the use of ICT for several educational purposes requires higher 
order skills rather than fosters such skills. These types of questions need to be 
addressed in the next generation of research.   
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The socio-cultural perspective gives us possibilities to understand how 
higher order skills can be developed. By having insight into student’s learn-
ing trajectories, the kind of talk in which they are engaged, and in how the 
division of labor is distributed between the students and teachers, we begin 
to understand how the cultivation of higher order skills becomes part of 
institutionalized activities; otherwise it will be serendipitous.  
A perspective which only focuses on the implementation of the curriculum 
or the student’s cognitive processes cannot provide us with a powerful un-
derstanding of what and how students learn. A multiple level approach is the 
methodological “answer” to the institutional perspectives we have argued for 
in this report. The socio-cultural perspective has a unit of analysis that can 
provide us with the multiple starting points necessary for understanding the 
formation of higher order skills both as processes and outcomes, and how 
this relates to different type of ICT-based tools.  A continuous improvement 
of pedagogical agents seems to be promising (Chen & Wasson, this volume), 
because the agent technology is embedded in the socio-historical develop-
ment of the software (Mørch, Dolonen & Omdahl, this volume).    
Since most studies of students up to the high school level show that informa-
tion seeking is the most frequent use of ICT, implementation of ICT for ad-
vanced learning activities such as the gen-etikk learning scenario is still in its 
infancy. Implementation on broad scale of such scenarios is a research pro-
ject in itself (Viten.no is a promising effort in this direction). 
Our technological strand makes practical aspects of using ICT in, and across 
classrooms, transparent. We observed that the infrastructure and the PC’s in 
an ‘ordinary’ school make it difficult or impossible to use advanced learning 
technologies and multimedia (more bandwidth and CPU power is needed). 
Institutional, technological and pedagogical aspects need to be treated as a 
unit of analysis in the design processes (see Rysjedal and Baggetun, this vol-
ume for elaborations).  
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Andreassen, E. F. (2000). Evaluating how students organise their work in a 
collaborative telelearning scenario: An Activity Theoretical Perspective. 
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Baggetun, R. (2002). Coordination work in collaborative telelearning. 
Masters dissertation (hovedfag), Department of Information Science, 
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Brændshøi, A. (2003). Knowledge-building in digital learning environments. 
Masters dissertation (hovedfag). Institute of Educational Research, 
Faculty of Education, University of Oslo, Norway.  
Bråten, A. H. (2002). Resource use in a collaborative telelearning scenario. 
Masters dissertation (hovedfag). Department of Information Science, 
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Dolonen, J. (2002). The development of a pedagogical agent system for computer 
supported collaborative learning. Masters dissertation (hovedfag). 
Department of Information Science, University of Bergen, Norway. 
Guribye, F. (1999). Evaluating a collaborative telelearning scenario: A 
sociocultural perspective. Masters dissertation, Department of 
Information Science, University of Bergen, Norway. Available as EIST 
Research Report 4. 
Jondal, S. (2001). Simulering av pedagogiske agentar I eit virtuelt læremiljø 
ved bruk av Wizard of Oz teknikken. Masters dissertation (hovedfag), 
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Meistad, Ø. (2000). Collaborative telelearning: Using log-files to identify 
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Omdahl, K. (2002). Designing pedagogical agents for collaborative learning: 
An empirical study. Masters dissertation (hovedfag). Department of 
Information Science, University of Bergen, Norway. 
Rysjedal, K.H. (2000). Teamwave Workplace in Use: A useability study. 
Masters dissertation, Department of Information Science, University of 
Bergen, Norway (November). 
Underhaug, H. (2001).  Facilitating Training and Assistance in a 
Collaborative Telelearning Scenario. Masters dissertation (hovedfag), 
Department of Information Science, University of Bergen, Norway. 
Wake, J. (2002). How instructors organise their work in a collaborative 
telelearning scneario. Masters dissertation (hovedfag), Department of 
Information Science, University of Bergen, Norway. 
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Detailed Plan for Deployment of gen-etikk 
The document in this appendix is the detailed plan for deployment of gen-
etikk in field trial II.  There was a need for a very detailed hour-by-hour plan 
for each class with information on what they were doing and whom from the 
research team was present.  In particular, focus was placed on the hours 
where synchronous communication between Bergen and Oslo was to take 
place.  This was necessary since even though the schools had much flexibility, 
there were other constraints (e.g., booking of the computer room, other 
planned activities) that made it difficult for spontaneous synchronous col-
laboration to occur.  This is a reality for today’s schools.   We have included 
the detailed plan even though it is in Norwegian as much of the readership will be 
Norwegian and even if one cannot read Norwegian, the general idea is clear. 
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Fargekoder brukt: 
Rødt: Her skal de to klassene samarbeide, altså må de være noenlunde i fase 
NOTE: RED INDICATES WHEN THE CLASSES WILL COLLABORATE
Grønnt: Behov for PC-rom på Bergen NOTE: GREEN INDICATES WHEN 
THE COMPUTER ROOM IS NEEDED IN BERGEN 
Grey: Hvilken verktøy NOTE: GREY INDICATES WHICH TOOL SHOULD 
BE USED
UKE 37, 38 og 39 
Fag: KRL, Natur- & miljøfag, Samfunnsfag og/eller Norsk 
Klasser: 
10A med ca. 28 elever i Oslo og  
10B med 24 elever i Bergen 
Dag 
(Day)
Time  
(Class period)
Hva?
(What)
Tilstede Oslo 10A 
(Researchers in 
Oslo)
Tilstede Bergen 10B 
(Researchers in 
Bergen)
Kommentarer
(Comments)
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UKE 37 (ca. 9 timer) (about 9 hours) 
Del 1: Forarbeid med motivasjon, 2,5 timer 
H:Tirs 10 
S:Tirs 10 
1. time  O Orientering om prosjektet.  
Pizza og brus! Oslo: tirsdag kl. 
10.30 - 11.15 
Bergen: tirsdag  
kl 9.40 - 10.25 
Nedover 
her kan 
dere på 
østlandet
fylle inn 
navn.
Lærer  
Kurt, 
Barbara, 
Steinar, 
Trine 
Lise,
Dankert, 
Rune 
Lærer og andre 
prosjektmedarb 
Ansvarlig på 
Bergen:
Tone og Kurt 
H:Tirs 10 
S:Tirs 10  
2. time  I Individuell presskriving: 
Skriv det du vet om kloning, 
genmodifisert mat eller gen-
teknologi generelt (3 min). 
Deretter: Formuler 2-3 spørs-
mål til det du har skrevet: Er 
du noe du ønsker å vite mer 
om? Noter ned. 
Lærer +  Lærer 
Rune, 
Kurt / 
Trine 
Lise
Triggerfilmen vises. 
Noter ned underveis: Fikk jeg 
noen svar på spørsmålene 
mine? Fikk jeg noen mye 
spørsmål?
   Produksjon: 
Terje 
Visning: Lærer 
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Etablering av lokalgrupper 
Klassen deles i 6 grupper  
Klassen deles i 6 grupper (på 3-
5 elever) som skal arbeide 
sammen i prosjektperioden. 
I (lokal-)gruppen deler elevene 
spørsmålene sine med hverandre 
og identifiserer ubesvarte spørs-
mål (på papir) 
   10A  ved 
Hovster er delt 
inn i 6 grupper 
faste grupper 
med 4 – 5 
elever i hver. 
Bergen deler 
inn i 6 rupper 
med 4 elever i 
hver.
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H:Tirs 10 
S:Ons 11 
H: 3.
S: 5
time
Klassevis etablering av 
spørsmål 
Tavlebruk: Gruppene kommer 
med sine spørsmål som note-
res ned på tavla av lærer eller 
elever (eller kan de bruke PC 
og et egnet sted for kommuni-
kasjon). Spørsmålene sorteres i 
6 faglige og 6 etiske spørsmål.
Ved for mange spørsmål, bør 
læreren kanskje begrense noe, 
eller ved for få: Læreren bør 
bidra med noen spørsmål slik 
at vesentlige sider dekkes. Men 
vi må så langt som mulig bygge 
på elevenes spørsmål.  
Lærer sikrer at alle spørsmål 
blir skrevet inn elektronisk og 
sent til Rune. Rune legger de ut 
på vevsidene til prosjektet med 
link fra FLE 
Lærer +  Lærer 
Rune, 
Kurt / 
Trine 
Lise
Anders I. 
formulerer 
noen spørsmål 
som læreren 
kan ha på lager.
Dankert for-
mulerer noen 
etiske spørsmål 
læreren kan ha 
på lager. 
Lærere i Oslo 
og Bergen 
samordner 
etiske og 
faglige spørs-
mål til et sett på 
6 faglige og 6 
etiske spørsmål
fra hver klasse. 
Spørsmålene 
samordes i én 
faglig og en 
etisk liste slika 
at hver liste er 
på 12 spørsmål, 
og slik at det er 
mulig å forstå 
hvilke av de 12 
spørsmålene
som er fra den 
enkelte skole. 
Det er de to 
listene á 12 
spørsmål som 
storgruppene
forholder seg 
til videre. 
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Del 3: Opplæring i IKT-verktøy, 2-3 timer 
H:On 11  Kl. 
8.00-9.30 
S: On 11, kl. 
8.00-8.45 + 
9.40 – 10.25 
Over-
lapp:8.00-
8.45
H:4. + 5.
S: 3+4 time 
Opplæring i 
FLE, Mindmap 
og A-tekst og i 
bruk av Skole-
avisa 
Gjennomgang av 
hvorfor og hvor-
dan.
Kurt har laget en 
oppgave som gjør 
at elevene i en 
storgruppe blir 
litt kjent med 
hverandre.
Lærer +  
Anders M, Jan 
Lærer + 
Rune, 
Kurt, 
Steinar  
Ansvar: Rune og 
Steinar D. i 
Bergen
Anders og Jan i 
Oslo.
Chat og tanke-
kart må kjøres i 
synkrontiden
9.45-11.10 
FLE bør ikke 
brukes i synkron-
tid. slik at vi 
unngår ideen om 
FLE som syn-
kronverktøy.
Del 2: Naturfaglig undervisnings- og 
læringsøkt, 2,5 timer 
H:Fr 13 
S:Tor 12 
6. time  M Motivasjonsøvelse:  
Det genetiske hjulet. 
Se på likheter og ulikheter 
hos mennesker (genetiske 
markører). Hvor like er 
mennesker? Hvor mye likt 
har levende organismer? 
    Øvelsen står i 'Tellus' 
som begge klassene 
bruker som lærebok 
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H:Fr 13 
S:Tor 12 
7.  time
(+ evt en 
time til) 
Læringsarbeid:  
celler, arv og genteknologi.
Lærer +  Lærer + 
Kurt / 
Trine 
Lise
Lærestoffet finnes på 
nettet  under 
Gen-etikk portalen: 
http://fakir.intermedia.
uib.no:8080/frameset 
 
UKE 38 (ca. 11 timer) (about 11 hours) 
Del 2b: Arbeid med naturfaglige spørsmål 
(FLE), 5 timer 
H:Ma 16, 
9.45-12.45 
S:Ma 16, kl. 
9.40 - 13.25 
Synkron-
time: 9.45-
10.30
8. time  Valg av faglige spørsmål  
Alle storgrupper skal arbeide 
med 3 faglige spørsmål hver. 
Elevene i en storgruppe blir 
enige om hvilke 3 faglige 
spørsmål de vil arbeide med. 
De bruker prate-verktøyet 
(chat) i Steinars 'Mindmap'-
program til dette. 
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise,
Steinar 
Denne timen 
må klassene 
synkroniseres.
Dette kan 
legges ut som 
lekse til eleve-
ne. Arbeidet 
med lærestoffet 
og FLE kan da 
starte en time 
tidligere.
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H:Ma 16 + 
Ti 17 
S:Ma 16 
+ Ti 17
9. - 12. 
time
Arbeid med naturfaglige 
spørsmål 
Storgruppe: Elevene i hvar 
storgruppe arbeider med sine 
naturvitenskapelige spørsmål 
gjennom å arbeide med læ-
ringsressurser og legge ut 
innlegg på FLE når de har noe 
å bidra med.  
Faglig veiledning: Elever 
bruker tekster og animasjoner 
på prosjektets internettsider. 
Lærer veileder inn i FLE (gjen-
nom skriftlige innlegg) og 
lokalt (gjennom muntlige 
diskusjoner med elevene: 
Utfordrer, hinter, spør, …) 
To lokalgrupper (en fra hver 
skole) utgjør en storgruppe. 
Alle diskusjoner på FLE3 er 
innenfor den enkelte stor-
gruppe. Dvs at gruppene må 
"matches". Hvis alle grupper 
får en nymmerbetegnelse kan 
gruppe 1 Oslo samarbeide med 
gruppe 1 Bergen osv.
Lærer + Lærer + 
Rune, 
Kurt / 
Trine 
Lise
Disse timene 
må klassene 
arbeide de 
samme dagene, 
men ikke 
nødvendigvis
de samme 
timene.
Innlegg bare 
fra  grupper 
(lokalgrupper). 
(Enkeltindivid
vil kunne legge 
inn innlegg, 
men lokal-
gruppen blir 
stående som 
forfatter.)  
Lærer kan 
slette uønskede 
innlegg.
Det er 6 'lokal'-
grupper på 
hver skole. 
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Del 2c: Videre arbeid med naturfag, 3 
timer 
H:Ti 17 + To 19 
S:On 18 
13. - 15.
time 
Tekstproduksjon:  
Elever skriver grup-
pevis faglige forkla-
ringstekster som svar 
på faglige spørsmål.
Autentiske mål-
grupper: en klasse 
fra egen (evt. en 
annen) skole på 
samme klassetrinn. 
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
Hver storgruppe skal 
produsere minimum 
4 tekster. Minst 2 av 
disse skal storgruppen 
som helhet stå som 
forfatter bak. De to 
siste kan lages i 
lokalgruppene. 
(forts.) P Prosessorientert 
skriving 
Storgruppe: Elevene 
deler og stjeler lokalt 
og distribuert under 
laging av tekster. 
Elevene kan bruke 
FLE3 til å sende 
hverandre tekster til 
vurdering.  
Elevene kan bruke 
prate-verktøyet samt 
tankekart-verkrøyet i 
Steinars program 
og/eller FLE3 (etter 
eget valg) for å koor-
dinere arbeidet med 
tekstene.
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 (forts.)  P Publisering av 
naturfaglige tekster 
Lokalgruppene 
publisere sine faglige 
artikler i Skoleavisa. 
Avisen er felles for 
begge klassene. 
Artiklene skal ha 
elever i 10. klasse 
som målgruppe og 
være utfyllende for 
lærestoffet i lærebo-
ka som brukes. 
Alle lokalgruppene 
er registrert som 
journalister i avisa og 
kan dermed publise-
re med lokalgruppen 
som forfatter.
  Adressen  til  skoleavi-
sen til prosjektet er 
skoleavisa.no/gen-
etikk
Dankert oppretter 
egne tema for natur-
faglige tekster med 
utgangspunkt i listen 
med 12 faglige 
spørsmål.
Lærerne samt Kurt, 
Dankert, Andres og 
Terje er redaktører. 
Redaktørene kan 
slette uønsket stoff, 
opprette nye journa-
lister og opprette nye 
emner i avisa. 
 (forts.)  L Loggskriving
Elevene skriver 
individuelle logger 
etter den modellen 
de er vant til. (Hva 
har vi lært?, hvordan 
arbeidet jeg?, …) 
  Læreren  bruker  den 
type logg de ønsker / 
er vant med. (prosjek-
tet har ingen spesielle 
ønsker her) 
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Del x (taes nå det måtte passe): 
Læringsmål og vurdering 
  x. time  En av klassens lærere 
presenterer relevante 
læreplanmål, samt 
vurderingsopplegget 
(mapper, prøver, 
tekster som vil bli 
vurdert, og hva som 
vil bli karaktersatt).
Lærer +  Lærer +   
 
Del 2c: Prøve i naturfag, 3 timer 
H: Tor 19 
S:Tor 19 
16. time  E Elevene lager spørsmål til 
'prøve' 
Elevene (i lokalgrupper) 
lager faglige spørsmål, og 
svar.
Spørsmålene elevene har 
laget legger de ut som 
'Spørsmål' i FLE. 
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
H: Ma 23 
S:Tor 19 el 
Fr 20 
17. time  ''Naturfagprøve' 
Andre halvdel av storgrup-
pen må besvare spørsmålene 
gjennom å legge ut 'Vi-
tenskapelig oppfatning'  i 
FLE som respons på det 
enkelte spørsmål.. 
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
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H: Ma 23 
S:Tor 19 el 
Fr 20 
Noe 'dødtid' 
her for 
Sandg. 
18. time  ''Retting' av 'prøven' 
Lokalgruppen som laget 
spørsmålene retter besvarel-
sene og legger rettingen ut 
som 'Kommentar' i FLE. De 
legger også ut sitt fullstendi-
ge svar på FLE. 
('Dødtid' for Bergen 4 timer i 
perioden torsdag 19 til 
mandag 23. Dette for at 
klassene skal kunne møtes 
synkront igjen mandag fra 
12.00 til 12. 30.)
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
Læreren 
kan ta alle 
svar inn for 
vurdering. 
 
UKE 39 (ca. 11 timer) (about 11 hours) 
Del 4a: Etikk/samfunn introduksjonsdel, 
ca. 1-2 timer 
H: Ma 23 
S:Ma 23 
19. time  M Motivasjon:  
Elevene leser tekst av 
Heidi Sørensen. Elevene 
drøfter og føyer til etiske 
problemstillinger fra del 1 
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise,
Steinar 
Teksten ligger under 
gen etikk portalen: 
http://fakir.intermed
ia.uib.no:8080/frame
set
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H:Ma 23,
kl 9.45-
12.45
S: Ma 23 
kl. 9.40 - 
10.25 
Synkront: 
12.00 - 
12.30
(Forts.) V Valg av spørsmål som 
skal arbeides med 
Hver storgruppe blir 
enige om ca. 3 etiske 
spørsmål de vil arbeide 
med.
Hvert av de 3 etiske 
spørsmålene danne 
utgangpunikt for en 
diskusjons-'tråd' i FLE. 
Denne timen må 
klassene synkronise-
res.
Storgruppene bruker 
Steinars prate-
verktøy til å identifi-
sere de 3 spørsmålen 
fra listen på 6 etiske 
spørsmål som nå 
ligger på prosjektets 
vevsider. 
Dette kan legges ut 
som lekse til elevene. 
Arbeidet med lære-
stoffet og FLE kan da 
starte en time tidli-
gere.
 
Del 4b: Undervisning i KRL og 
Samfunnsfag samtidig med at elevene 
begynner å samtale på FLE. ca 4 t. 
H: Ti 24 
S:Ti 24 
20. time  K KRL-faglig input + FLE 
Etikk, verdier og beslutninger 
(etter KRL-lærerens vurderinger)
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
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 21.  time  S Samfunnsfaglig input +FLE 
Etikk, lovverk og rettigheter 
(etter samfunnsfaglærerens 
vurderinger) 
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
H: Ti 24 
S:On 25 
22 time  K KRL-faglig input +FLE 
Etikk, verdier og beslutninger 
(etter KRL-lærerens vurderinger)
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
H:On 25 
S:On 25 
23 time  S Samfunnsfaglig input + FLE 
Etikk, lovverk og rettigheter 
(etter samfunnsfaglærerens 
vurderinger) 
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
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Del 4c: Etikk/samfunnsdelen forsetter 
med samtaler på FLE og arbeid med 
lærestoff, 4 timer 
H:On 25 
+ To 26 
S:On 25 + 
To 26 
24. – 27. time E Etiske samtaler i FLE 
Elevene arbeider med å finne 
svar på de etiske spørsmålene 
som ble reist i del 1?  
Storgruppe: Elevene i hver 
storgruppe diskuterer og 
bearbeider  sine etiske 
spørsmål gjennom å arbeide 
med ulike læringsressurser 
og legge ut innlegg på FLE 
når de har noe å bidra med. 
De bruker undervisnings-
materiellet, A-tekst, Store 
Norske eller andre Internett-
ressurser. 
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
Disse timene 
må klassene 
arbeide de 
samme dagene, 
men ikke 
nødvendigvis
de samme 
timene.
Ressursene 
ligger på gen 
etikk portalen: 
http://fakir.inte
rme-
dia.uib.no:808
0/frameset
 (forts.)  L Loggskriving
Elevene skriver individuelle 
logger etter den modellen de 
er vant til. (Hva har vi lært?, 
hvordan arbeidet jeg?, …) 
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
Læreren bru-
ker den type 
logg de ønsker 
/ er vant med. 
(prosjektet har 
ingen spesielle 
ønsker her) 
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Del 4d: Etikk/samfunnsdelen forsetter 
med tekstproduksjon, 3 timer 
H: Fr 27
S: To 26 
+ Fr 27 
28. - 30. time  T Tekstproduksjon  
Hver storgruppe skriver 4 
etiske tekster som publiseres 
i Skoleavisa. Hver tekst skal 
enten være (1) egen oppfat-
ning med begrunnelse 
(Leserbrev, kåseri, essay, 
intervju) eller (2) fagartikkel, 
f.eks med oversikt over 
argumenter (Redegjørelse) 
Minst 2 av de 4 tekstene skal 
storgruppen som helhet stå 
som forfatter bak. De to siste 
kan lages i lokalgruppene. 
Målgruppe for tekstene: 
Artiklene skal ha andre 
elever i 10 klasse som mål-
gruppe. Lærer kan for 
eksempel utfordre en lærer 
for en annen 10 klasse til å 
gjøre bruk av innleggene. 
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
Alle tekster blir 
publisert med 
en lokalgruppe 
som forfatter.  
Elevene må 
selv skrive 
hvilke tekster 
som er produ-
sert av stor-
gruppen i 
fellesskap.
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(forts.) P Prosessorientert skriving 
Storgruppe: Elevene deler og 
stjeler lokalt og distribuert 
under laging av tekster. 
Elevene kan bruke FLE3 til å 
sende hverandre tekster til 
vurdering. 
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
Elevene kan 
bruke prate-
verktøyet samt 
tankekart-
verkrøyet i 
Steinars pro-
gram og/eller 
FLE3 (etter 
eget valg) for å 
koordinere
arbeidet med 
tekstene.
 (forts.)  P Publisering 
Elever publiserer tekstene på 
skoleavisa til prosjektet. 
Lærer +  Lærer + 
Rune, 
Kurt / 
Trine 
Lise
Adressen til 
skoleavisen til 
prosjektet er 
skoleavi-
sa.no/gen-etikk 
Dankert oppret-
ter egne tema 
for etiske tekster 
med utgangs-
punkt i listen 
med 6 etiske 
spørsmål. 
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Del 5: Avsluting av prosjektet, 1 time 
H: Fr 27
S: Fr 27 
31. time  En enkel markering av 
prosjektets avslutning 
Orientering om videre 
bruk av data og tema 
forskningen. 
Lærer +  Lærer + 
Kurt, 
Rune, 
Trine 
Lise,
Steinar, 
Barbara, 
Dankert 
Diplom til hver elev (for 
deltagelse på forsknings-
prosjekt) samt takk for 
innsatsen. (ca. 15 min) 
Anders Isnes lager diplo-
mene 
Generelt om grunnlag for formell sluttvurdering 
Her gjør lærerene som de finner best! 
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